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Abstract— A 32 bit ripple carry adder is redesigned by 

modifying gates on non-critical path. Power 

consumption and critical path delay are compared in 

different design. In this project, delay and power 

analysis are implemented by using Leonardo Spectrum 

and Hspice. The testing 32 bit full adder is implemented 

in PTM32nm technology (both high performance and 

low power gates used).  

The goal of this project is to estimate the power savings 

after modifying non-critical path of the circuit by using 

low power gates. The final simulation result support 

that redesign of non-critical path can achieve 

reasonable power saving of the circuit with even shorter 

delay of the circuit. 

Index term- low power, 32-bit full adder, critical path. 

 

 

INTRODUCTION 

ith the rapid development in technology, the 
size of single transistor is becoming smaller 
and smaller just as Moore's law dictated. The 

increased number of transistors per chip and 
reduction in die size leads to rapid increase in power. 
Total dissipation power (Ptotal) in a transistor consists 
of Static Power (Pstatic) and Dynamic Power (Pdynamic). 
While the shorter channel length causes a reduction 
in dynamic power due to faster switching of the 
circuit, the scaling down of threshold voltages also 
causing a significant increase in static power 
dissipation due to more leakage current flowing 
through the circuit. 
With possible power reduction strategies such as 
Multi-Core Parallelism implementation which uses 
multi cores with lower voltage and frequency to 

saving power, clock gating, sub threshold voltage 
operation and low power gates implementation, 
power dissipation of a circuit has been decreased 
effectively compared to normal approach.  
In this project, non-critical path of a 32 bit ripple 
carry adder is redesigned with mixed structure of 
high performance and low power gates. The 
expected result is lower power consumption with no 

higher critical path delay comparing to original 
structure. The result shows that, by changing several 
non-critical path gates from high performance to low 
power gates, not only circuit power consumption is 
decreased, the critical path delay is shorter too, due 
to lower load capacitance of low power gates. 
Section II introduces the structure of the 32-bit 
ripple carry adder. Its initial delay and power 
consumption analysis are given in detail. Section III 
explains the compensation between power 

consumption and path delay. Section Ⅳ explains 

how redesigning of non-critical path reduces circuit 
power consumption without increasing critical path 
delay. Different modifications are given and their 

results are compared. Section Ⅴ is conclusion of this 

project. 
 

II. CIRCUIT DESIGN AND DELAY ANALYSIS 

A. CRITICAL PATH OF A 32 BIT RIPPLE 

CARRY ADDER: 

       Ripple carry adder is the most simple adder 
structure. It simply add 32 one bit adder together. 
Fig.1 and fig.2 shows the schematic of 1 bit adder 
and combined 32 bit adder.  

 

 

 
Fig. 1. 1-bit Adder Structure 

W 



 
Fig. 2. 32-bit Adder Structure 

 

          VHDL behavioral model was initially simulated 
in ModelSim for verification of functionality. Then the 
Leonardo Spectrum tool was used to generate a gate 
level netlist corresponding to the 180nm technology. 
Leonardo Spectrum delay report indicates the critical 
path of 32 bit ripple carry adder in fig.3. 
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fig.3. critical path delay of 32 bit adder 

 

 

 

The circuit critical path in bit 0 is from first input 
A[0] through XNOR gate to OR AND INVERTER gate to 
output COUT[0], in bit 1 to bit 32 it’s from cin though 
INVETER and OR AND INVERTER gate to cout.   
 

B. TESTING VECTORS: 

        A new spice net list for power and delay time 
simulation was written based on .src net list from 
DisignAchitect. Here technology is changed from 180 
nm to modern PTM 32 nm high performance 
technology. For critical path condition and, cout(cin) 
of every bit need to transit with the input transition. 
Input vectors as table 1 shows are set with two 
transitions, set output to all 1 with cout 0 and set 
output to 0 with cout 1.  In the second transition, with 
the transition in a[0], all gates in critical path are 
triggered and carry rippled through all the 1 bit adder. The 
critical path can be measured by the delay of a[0] and 
cout. 

 
A[31:0] B[31:0] cin S[31:0] cout 

111111111 

111111111 

111111111 

11110 

000000000 

000000000 

000000000 

00001 

0 

11111111 

11111111 

11111111 

11111111 

0 

111111111 

111111111 

111111111 

11111 

000000000 

000000000 

000000000 

00001 

0 

000000000 

000000000 

000000000 

00000 

1 

Table. 1 input vector 

 

C. Simulation result and verification: 

        From Hspice simulation output file, critical path 
delay and circuit power consumption of new 
technology is given in detail as showed in fig.4. Power 
consumption is 4.9 uW.  

 
 

 
 
 
 
 

fig.4 critical path delay and power consumption of 32 bit adder 
using PTM32nmHP technology 

 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 

 
fig.5 critical path delay of 32 bit adder using PTM32nmHP 

technology 

 

From fig 5 we can find the critical path delay of 32 
bit ripple adder in PTM32nmHP technology is around 
0.67 ns. 

 
 

III REDESIGNING NON-CRITICAL PATH OF 32 

BIT ADDER: 

A. SOURCES FOR POWER DISSIPATION:  

There are several sources for power dissipation (P) 
in digital CMOS circuits: 

 
 
The first term Pshort is the power consumed 

during gate voltage transient time, that in CMOS 
technology is only related to the direct path 
short circuit current (Isc) which flows when both 
the NMOS and PMOS transistors are 
simultaneously active, conducting current 
directly from supply Vdd to ground or Vss. The 
second term, Pswitch refers to the dynamic 
component of switching power due to charging 
and discharging CL—is the total loading 
capacitance, f is the clock frequency and α is the 
average switching activity factor. Imperfect cut-
off of the transistor leads to leakage (Ileak) and 
power dissipation (Pstatic) even without any 
switching activity. With an increasing number of 
gates both the total capacitance and the channel 
width are relevant for the leakage increase. 

 
 

B. LOWPOWER GATES: 

       Power reduction in CMOS platforms is essential 
for any application technology. In PTM32nm 
technology, two types of gate model are used: high 
performance (HP) model and low power (LP) model. 
In most cases, the HP technology will have FEOL 
(Front-End-of-Line) with thinner gate oxide 
thickness, lower operation voltage, higher drive 
currents and lower threshold voltages compared to 
the Low-Power (LP). According to PTM32nmHP and 
PTM32nmLP technology file, threshold voltage is 
0.493V (HP) and 0.63V (LP). Threshold voltage 
reduction is the simplest way to overdrive the 
transistors, and reduce propagation delay. However, 
Vt reduction means an exponential increase of Isub. 
That’s one reason why high performance technology 
consumes more power than low power technology 
circuits.  

 

C. THRESHOLD VOLTAGE AND DELAY 

COMPANSATION: 

        The main drawback of reducing the leakage by 
increasing Vt, is the reduction in the transistors 
currents due to a lower overdrive, which leads to 
degradation in delay time, that for an inverter is 
given by:  

 

 
 
Where ν is a fitting constant (that is correlated to the 
velocity saturation index), μ, εox, Weff and Leff are 
the channel mobility, the gate oxide dielectric 
constant, the effective width and length of the 
transistors, respectively. 
Fig. 6 shows power consumption and critical path 
delay of 32 bit ripple carry adder using PTM32nmLP 
technology. From it we can see the difference in 
power consumption and delay of two technology. 

 
 
 
 
 
 
 
 
 
 



 
 
 
 
 

Fig. 6 power consumption and delay of 32 bit ripple 
carry adder using PTM32nmLP technology. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Fig. 7 delay of 32 bit ripple carry adder using PTM32nmLP 

technology. 

 
From Fig. 6 and 7 we can see the total power 
consumption is reduced by 37%. But critical path 
delay increase to 3.29ns. To maintain original low 
critical path delay and decrease power consumption 
best way is to use low performance technology for 
gates in all non-critical paths, the leakage can be 
reduced. 

 
 
Ⅳ REDESIGNING NON-CRITICAL PATH OF 32 

BIT ADDER: 

 

A. NON CRITICAL PATH ANALYSIS: 

       LeonadoSpectrum delay report shows that the 

gates that are not in critical path of any bit are XNOR 

gate (ix11) and NAND gate (ix72). XNOR gate 

(ix76) is also a potential target since only one gate in 

bit 0 is on critical path. Next, each of the above gates 

are changed to PTM32nmLP separately for power 

analysis. 

1) xnor gate ix11 change from hp to lp: 

 
 
 
 
 

 
 
 
 
 
Fig. 8 power consumption and delay of 32 bit ripple carry 

adder when xnor gate ix11 change from hp to lp. 
 

2) xnor gates ix11, ix76 and nand gates ix72 

change from hp to lp: 

 
 
 
 
 
 

Fig. 9 power consumption and delay of 32 bit ripple carry 

adder when xnor gate ix11, ix76 and nand gate ix72 change from 
hp to lp. 

3) xnor gate ix11 and ix76 change from hp to 

lp: 

 
 
 
 
 
 

Fig. 10 power consumption and delay of 32 bit ripple carry 
adder when xnor gate ix11 and ix76 change from hp to lp. 

B. RESULT COMPARATION: 

        From output we can see that when changing 
XNOR gates (ix11) to low power technology, power 

consumption decreased by 5.7% and critical path delay 

does not increase. When changing NAND gates ix72 to 
low power technology the power consumption also 
decreased but the critical path delay increase from 
0.69ns to 1.9 ns because its cell delay is higher than 
delay from A[0] through XNOR gate (ix74) and OR 
gate of OAI gate (ix09). The best result for now 
showed in fig. 10 is by changing all XNOR gates (ix11) 
and all XNOR gates (ix76) to low power gates. This 
design gives power reduction by 25.5% and 
maintains same critical path delay. 
 

 

 

 

 

 

 

 



V. CONCLUSION 

In this project, a 32 bit ripple carry adder is 
implemented in PTM32nm technology. Delay and 
power consumption are analyzed by using Leonardo 
Spectrum and Hspice. The goal of this project is to 
estimate the power savings after redesign non 
critical path of the 32 bit ripple carry adder. The max 
power reduction is about 25.5% percent with same 
critical path delay of the circuit. More works can be 
done by adjusting W/L ratio of certain gates (NAND 
gate ix72) to decrease more power consumption 
without increasing critical path delay.  
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