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Abstract:High performance microprocessor units require high performance adders and other arithmetic units. Modern 
microprocessors are however 32-bits or 64-bits as that is the minimum required for floating point arithmetic as per the IEEE 
754 Standard. 8-bit and 16-bit arithmetic processors are normally found in micro-controller applications for embedded 
systems where high speed is important but low power constraints dominate system design. A good metric of performance on 
such designs would be the power-delay product (or equivalently energy per bit.) Many designs give a high speed at the cost 
of more power or low power at the cost of low speed. The design of a 16-bit Brent Kung adder presented here has the lowest 
delay (among the adders compared, Table 2) and also the lowest power-delay product (among the adders compared, Table 2) 
in similar technology nodes. The design makes use of logical effort[2] based sizing of transistors and advanced layout 
techniques like fingering and inter-digitating to reduce the self-loading of the transistors from parasitic transistor 
capacitances. 
 
 
I. INTRODUCTION: 
 
Static CMOS based logic gates have been widely 
used for logic design for their robustness, high speed 
and ease of design. With the development of 
advanced technology nodes however, static CMOS 
has not been the best performing logic style due to 
high static and dynamic leakage currents. Domino 
logic and pass transistors[3] have come to be widely 
prevalent logic styles because of their inherent merits 
on these 2 fronts. However, extensive design 
techniques have been developed for static CMOS 
design such as logical effort[2] and these techniques 
have been mathematically proven to give the best 
performance of static CMOS in terms of speed. To 
combat the effects of high leakage currents (static and 
dynamic), individual inverter cells were optimized to 
give the best power-delay product as shown in figure 
1[1].As shown in the figure below, an inverter β 
(PMOS width/NMOS width) of 1.834 gives the best 
power delay product in the given technology (45nM 
NCSU FreePDK.)The asymmetric sizing of NMOS 
and PMOS transistors does not give identical rise and 
fall times but helps to minimize the dynamic leakage 
currents during the switching instant and thus 
minimize the power dissipated at the switching 
instant. Dynamic switching currents could be 
minimized by offsetting the threshold voltages for the 
NMOS and PMOS devices so that they are not both 
on at the same time and sizing them both at 50nM 
channel length helps achieve this. 

 
Figure 1: Inverter size optimization for minimum power-delay 

product. (Vdd fixed at 1.1V, Product scaled by 1e+15) 

 
Design of high performance adders also requires 
selection of the right architecture and logarithmic 
adders are usually preferred for high performance 
adders as they give a good trade-off between 
performance and complexity. Tree adders could 
potentially give a lower delay than logarithmic adders 
however they become very complex and consume a 
lot of power for large designs on the scale of 16-32 
bits. Brent-Kung adder [2] is a very well-known 
logarithmic adder architecture that gives an optimal 
number of stages from input to all outputs but with 
asymmetric loading on all intermediate stages. Thus 
rise and fall times at all nodes are not the same. To 
overcome this drawback, buffer stages were inserted 
between each stage of the adder and the logic 
between the buffer stages was optimized as per the 
Logical Effort sizing[1]. The specific equation for the 
Brent Kung adder stages are as in the figures 
following. The input pre-computation blocks generate 
Generate (Gi) and Propagate (Pi) signals from adder 
inputs Ai and Bi (figure 2). The intermediate dot 
product blocks take 2 inputs (Gi-1, Pi-1) and generate 2 
primed G1

i and P1
ioutputs equivalent to generate and 

propagate signals for individual blocks (figure 3.) The 
interconnections between the blocks are made as per 
the Brent Kung adder system diagram shown in 
figure 4 below. 

 
Figure 2: Input block with pre-computation for the Brent 

Kung adder. All signals are labeled. 
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Figure 3: Intermediate Dot Product blocks for the Brent Kung 

Adder 
 

The specific equations for the above blocks are as 
follows: 
 
Gi= Ai AND Bi … (1) 
Pi = Ai XOR Bi … (2) 
Gi

1=Gi+ Pi AND Gi-1 … (3) 
Pi

1=Pi AND Pi-1 … (4) 
 

 
Figure 4: Brent Kung Adder system diagram 

 

 
Figure 5: Output blocks for the Brent Kung adder 

 
With the insertion of buffers, each block can be sized 
as per the rules of logical effort based sizing and an 
Excel spreadsheet was developed for the same. The 
equations for logical effort based sizing of the 
transistors are as follows[1]: 
 
Si=(gi-1*fi-1*si-1)/(bi-1gi) …(5) 
 
gi=logical effort 
fi=fan out 
si=sizing 

bi=Branching in[2] 
 
A specially designed XOR gate with 8 transistors and 
complementary inputs and outputs was designed as it 
would give minimum leakage current due to the 
stacking effect[4]. All the other static CMOS based 
logic gates also used 2-3 transistors in each stack to 
reduce the static leakage effect by the stacking effect. 
In the physical layout of the transistors, techniques 
like fingering and inter-digitating 

 
Figure 6: 10 transistor XOR gate to reduce leakage current 

using the stacking effect 
 
were used extensively to reduce the self-loading of 
the transistors from the gate-drain and gate-source 
parasitic capacitances[5]. A compact layout was 
developed that would fit between parallel power 
supply and ground rails. This would lead to a design 
that would fit in n-tub and p-tubsemiconductor 
substrate technology giving low leakage and good 
isolation between signals.  

 
Figure 7: This block layout highlights all the layout techniques 

used to optimize performance. 
 

 
Figure 8: Power supply and ground distribution are in the 

format of an inter-digitated comb. 
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II. SIMULATION RESULTS: 
 
The design was simulated with and without parasitic 
extraction after and before the layout was completed. 
The results are highlighted in table 2 below. 

 
Figure 9 (Table 1): Performance of the designed adder 
 

Table 3 gives the performance of this adder against 
other adders in the same technology. 

 

 
 

 
 

Figure 10 and 11 (Table 2): Comparative performance of this 
adder against others in the same technology. 
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