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Abstract: This day, designing a CMOS combinational circuit has emerged as one of the important skills especially in an 

integrated circuit production field. The main objective is to design and simulate the schematic of half subtractor in transistor 

level and also familiarized with the Cadence Virtuoso environment. In this paper we are using 120nm length size for both 

pmos and nmos, while 120nm and 240nm width size for nmos and pmos respectively. The method of designing half sub-

tractor using CMOS technology was by creating cell view for each logic gates that involves in the combinational circuit 

(AND, inverter and XOR gates) which then construct its symbol for straightforward operation in analyzing the schematic 

circuit altogether. Waveform generated by using Analog Design Environment L (ADE L) and stimuli setup support the 

theoretical truth table of Difference and Borrow output by varying the A and B input value from the half subtractor. This 

paper also discussed about the importance of different width value of nmos may affect the static power of the whole sche-

matic circuit. The total power obtained 2microwatt might not be achieved as low power half subtractor as have been referred 

in our previous reference of research paper, but the simulation and analyzation of our own designated half subtractor in 

Cadence software may help other researcher to learn more on the behavior of the circuit and ways to improve the performance 

of half subtractor in the future.  
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1. Introduction 

Nowadays, technology in term of electronic has emerged 

to be one of the vital products as most of the technology 

todays depends on the electronic itself. This case has been 

resulting to the excessive usage of power either in a small 

domestic electronic devices or large industries. Therefore, 

the skill of designing of low power system has become one 

of the important factors in order to have an ideal final 

product. A subtractor is basically a digital circuit that re-

moves integers or one may say it carries out one of the four 

basic binary operations.  

Subtractors are not only employed in arithmetic compu-

tations in many computers and other kinds of instrument 
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processors, but are commonly utilised in other portions of the 

processor when computing addresses, table indices and the 

like are required. And most crucially, it can also be employed 

as an attenuator numerous time [3]. In this assignment, a low 

power half subtractor design is proposed. 

 

1.1. Half-subtractor 

Half subtractor is the most important combination logic 

circuit in digital electronics. In essence, this is an electronic 

device, or we can say it as a logical circuit in other terms. 

This circuit is used to subtract two binary digits. Similarly, 

for the subtraction, the subtractor circuit uses binary digits 

(0,1). The half-subtractor circuit can be made with two logic 

gates NAND and EX-OR. This circuit has two elements such 

as the difference and the borrowing. In other word, a sub-

tractor is a composite logic system which takes binary values 

as inputs and removes one input from another input and 

generates their difference and borrows them as outputs [1]. 

Subtractor can generally be designed to represent several 

binary codes, such as grey code, binary code decimal and 

excess-3, but is primarily utilised in binary numbers. 

 

Figure 1. Half subtractor block diagram 

In a circuit operation, the half subtractor conducts a two-digit 

subtraction operation. Only then will it yield both a total and a 

borrowing bit for the next stage [2]. 

 

Figure 2. Logic diagram of conventional half subtractor 

The half-subtractor block diagram is shown above. Two 

inputs are required and two outputs are provided. Inputs are 

shown here with A&B, while outputs are difference and 

borrowing. It is possible to create the above circuit with 

EX-OR & NAND gates. Here, the NAND gate can be con-

structed with AND and NOT gates. We therefore need three 

logic gates, namely the EX-OR, NOT and NAND, to produce 

half a subtractor circuit. A combination of AND and NOT 

gate creates another NAND gate. The output for the Ex-OR 

gate is the difference bit and the output for the NAND Gate is 

the borrow bit for the same A&B input. 

Furthermore, the input for the proposed circuit depends on the 

purpose of the applications of the subtractors. Half-Subtractor 

utilised on two inputs, whereas three inputs require a 

Full-Subtractor. Subtractors are essentially formed of two 

half-subtractor and whole-subtractor types. The 

half-subtractor truth table with two inputs is as follows: 

 

Figure 3. Half-Subtractor Truth Table 

1.2 CMOS 

CMOS generally stands for Complementary Metal Oxide 

Semiconductor. In fact, this is one of the most demanding 

technologies in the computer chip design industry. It is 

frequently employed in the sector of the development of 

integrated circuits in several applications. 

 

Figure 4. Complementary Metal Oxide Semiconductor 

 From the figure above, CMOS consists of P-channel 

MOS (PMOS) and N-channel MOS (NMOS). 
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1.3 PMOS 

MOSFET's P-channel comprises of P-type Source and 

Drain distributed on a substratum of the type N. Most carri-

ers are troughs. When the gate has a high voltage, the PMOS 

does not drive. The PMOS operates when a low voltage is 

delivered to the gate. PMOS devices are more noise-free than 

NMOS devices. 

 

 

Figure 5. PMOS Schematic Diagram 

1.3 NMOS 

NMOS is based on a p-type substratum with an n-type 

source and drain. Most carriers in NMOS are electrons. If a 

strong voltage is applied to the door, the NMOS is operated. 

Similarly, NMOS will not operate when a low voltage is 

given to the gate. NMOS is regarded as faster than PMOS, as 

carriers travelling twice the speed of holes in NMOS, which 

are electrons. 

 

 

Figure 6. NMOS Schematic Diagram 

 

2. Materials and Methods 

 

2.1. Flowchart of methodology 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

START 

Identify which topic circuit to 

be designed 

Obtain the truth table for the 

half subtractor 

Draw the logic gate for half 

subtractor in transistor level  

Design half subtractor CMOS 

circuit  

Test and obtain simulation 

result 

END 

 

Figure 7. Flowchart of methodology 

From the flowchart, to complete the required CMOS 

circuit to be designed, low power half subtractor has been 

chosen to collect the information needed to proceed with the 

circuit design. Half subtractor involves a combination circuit 

with two inputs and two outputs and three logic gates. With 

the obtained information of the logic gates, the half subtractor 

can be designed easily. 

Low-power half subtractor was designed in Cadence 

Virtuoso software by identifying which logic gates to be used 

in our design which is AND gate, X-OR gate, and an inverter. 

Generally, each logic gate with different amount of transistor 

needs to be constructed in CMOS transistor-level. Therefore, 

a new cell view in figure 15 was created in Group_5 library 

which is the directory for our group project which can be seen 

in figure 16. 
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Figure 8. Cell name 

 

Figure 9. Group_5 library directory 

 

Figure 10. Blank Virtuoso schematic window 

A new blank virtuoso schematic window will appear as 

shown in figure 17. The cell view will be the workspace to 

design the transistor for each logic gate and the gate will be 

drawn using pmos and nmos. 

 

Figure 11. pmos and nmos configuration 

By referring to figure 18, both pmos and nmos width 

value are set to variable wp and wn respectively while the 

length of both pmos and nmos must be similar to each other 

which is 120n. This is to enable the action to control the 

variable value later in the simulation to compare the output 

obtained. They were then arranged accordingly with each 

logic gate properties and connected with wires to the source 

voltage, input, output, and ground to complete the 

connection. After the connection is completed, the transistor 

was then simplified into symbol form to represent the logic 

gate which is simpler and more convenient to recall it back to 

combine with the other two simplified transistors. The default 

symbol will come in a rectangular shape; hence it can be 

changed by drawing a new shape correspond to the desired 

shape although that move is optional. The steps starting from 

drawing the nmos and pmos until changing the shape of the 

logic gates symbol are repeated for the other two logic gates. 

Finally, a new cell view was created to combine all three 

simplified logic gates using wire with the ground, dc voltage 

source, vdd, two inputs (A and B) and two outputs (D and Bo) 

shown in figure 19. All of these procedures are saved to check 

if there is an error with the design. 

 

Figure 12. Complete schematic design 

Then, the design was simulated to produce the output rec-

tangular waveform using the Analog Design Environment L 

(ADE L). The stimuli input was setup first in the setup analog 

stimuli window shown in figure 20. A and B pins can be seen 

in the input stimulus type. 
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Figure 13. Input stimuli window 

 For input A, one value were set to Vdd (1.0 V), Zero value 

to 0, Delay time to 0, Rise time to 2p, Fall time to 2p, and 

period to 1n. The bit pattern is set under “Pattern Parameter 

data” with “1101001101” bit. The bit value was chosen in the 

sense of making it easier to explain the waveform as the 

output waveform would present the function of the half sub-

tractor design. For input B, the setup are set with the same 

parameters as input A except for the bit pattern which are set 

to “0000011111”. Also, the simulation analyses need to be 

setup where in the choosing analysis window, tran is selected 

and the stop time was set as 500u. After the analyses has 

finished setup, the signals to be plotted are selected where 

clicking the wires connected to input and output on the 

schematic is needed. As a result, the output waveform was 

obtained. 

 In addition, the static and total power was also obtained 

from the simulation by adjusting some changes in the set-

tings. To obtain the static power, first step is to save all in the 

output menu as shown in figure 21 below. 

 

Figure 14. Save option window 

The “all” option were checked for both “select power signals 

to output (pwr)” and the “select device currents (currents)”. 

Then in analyses window, the dc analysis are opened to un-

check the design variable as shown in figure 22 below. 

 

Figure 15. Analyses window 

In outputs table, the all element was unchecked. As can be 

seen from figure 23. 

 

Figure 16. A,B,D and Bo are unchecked 

 

Afterward, the simulation is runned and when the simu-

lation is complete, the signal are plotted by opening the result 

browser, and selecting pwr to plot signal which can be found 

in tran tran. The result is collected which can be referred at 

simulation result. However, to witness the difference in static 

power, the width of the nmos is changed as it would affect the 

static power. 

To change the nmos width, it can be done on the para-

metric analysis from the tools menu, then the value are 

changed in parametric set in the sweep menu. In value list, the 
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value of wn width is set as 120n and 240n that are shown in 

figure 24 below. 

 
Figure 17. Parametric analysis table. 

Then, the result browser is opened to plot the signal which 

is the same step when plotting static power before. 

To measure total power, the dc voltage source were changed 

to vpulse from the schematic and the same value before were 

added again on the related CDF parameter as shown in figure 

25 below. 

 
Figure 18. Vpulse setting 

Then, the simulation was run in ADE L and after the simula-

tion were done, result browser is opened in tools menu, and 

choose tran tran, right click on the pwr and choose calculator 

that can be seen in figure 26. 

 
Figure 19. Calculator option after clicking pwr in tran tran 

From the calculator window, average function are selected 

and evaluate is clicked to get the power value as seen in figure 

27 below. 

 
Figure 20. The average power value. 

3. Simulation results 

The simulation that was held by using Analog Design 

Environment L (ADE L) in the Cadence software were to 

analyze the waveform, static power and also the total power 

of Half Subtractor. 

A binary Half-Subtractor subtracts two input bits and 

gives two outputs bit with one of them determining the dif-

ference (D) of the two input bits while the other giving the 

borrow bit (Bo). Thus, the waveform shown in Figure 28 

below portrayed the similar and exact output by referring 

into the Truth Table and working principle of a 

Half-Subtractor. The waveform was based on 10 bits number 

given by each input A and B which is “1101001101” and 

“0000011111” respectively. The output D and Bo has some 

fluctuation in terms of its non-ideal rectangular waveform, 

where an overshoot on its rising and falling edge of the 

waveform was detected. This may cause by the delay time 

that hasn’t being set in the setup analog stimuli that will give 

some time for the waveform to react from a sudden change of 

voltage bit. 

 
Figure 21. Waveform of half subtractor 
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Static power essentially consists of the power used when the 

transistor is not in the process of switching and is essentially 

determined by the formula Pstatic = (Istatic)(Vdd). where 

Vdd is the supply voltage and Istatic is the total current 

flowing through the device. The graph shown in Figure 29 is 

the value of static power of Half-Subtractor when there’s no 

input. 

 

Figure 22. Static power of schematic Half Subtractor 

As stated in Figure 30 below, the value of static power 

mostly comes from the NMOS (N-type metal-oxide semi-

conductor) when the input is low (and depends on PMOS 

when the input is high). Thus, by using parametric analysis 

tools in ADE L to change the variable of NMOS width into 

120nm, 240nm, 1µm and 10µm, we can analyze how the 

width of NMOS affects the static power of Half-Subtractor 

when the gate voltage is zero. The static power for each 

NMOS width that have been analyzed is shown in the Table 

1. 

 

Figure 23. Static power with varies NMOS width size 

 

 

 

 

Table 1: Table of static power for each NMOS width 

Width of NMOS 

(meter) 

Static Power (Watt) 

120n 9.984706n 

240n 10.0053n 

1µ 25.61885n 

10µ 222.5269n 

 

The total or average power for Half-Subtractor is simu-

late by using calculator tools in the result browser. This is a 

better way to find power where Cadence directly tell the user 

the amount of power consumed which in this case is the total 

consumed power of the entire schematic of the 

Half-Subtractor. The calculator shown in Figure 31 below 

was obtained in the tran folder, which “: pwr” existed inside 

the list. Thus, the total power of the entire Half-Subtractor 

schematic obtained is 2.079µW. 

 
Figure 24. Value of total power generated from Calculator 

We unfortunately unable to obtain the total power by 

using Half-Subtractor using AVLS (Adaptive Voltage Level 

at Supply) and AVLG (Adaptive Voltage Level at Ground) 

schemes. These two techniques were popular in terms of 

reducing the power consumption of Half-Subtractor. [3] 

However, the low power Half-Subtractor used by Tanvi and 

Rajesh in their research was 0.90µm, which is higher than 

ours 120nm for both NMOS and PMOS length and 240nm 

and 120nm for PMOS and NMOS width respectively. The 

utilization of smaller CMOS technology gives us much 

lower average power for the whole schematic 

Half-Subtractor and much smaller static power due to the 

size of CMOS technology we are using. 
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3. Conclusion 

At the end of this assignment research study, half sub-

tractor was able to be designed and simulated in the transistor 

level. It was possible to be done after several research has 

been made through multiple journals and websites that 

shows the basic fundamental, working principles and a few 

examples. In this particular research, the software that has 

been used for the simulation purpose was Cadence Virtuoso. 

While doing the assignment, students were also able to get 

familiar with the software and the same time develop their 

own skills. 

 Besides, the designing process of the half subtractor 

actually consist of several steps that need to be taken into 

consideration. For instance, the size of CMOS transistor that 

will be used, their positions and how it will prove the truth 

table of our half subtractor. After all these steps have been 

calculated and determined, only then a good half subtractor 

can be designed. These steps also have been organized in a 

flowchart earlier in this report. 

 Other than that, based on the result of the simulation 

process on the Cadence software, several outputs have been 

collected in term of waveform, static power and also the total 

power of Half Subtractor. The waveform generated an ex-

pected output, yet it has some overshoot in the rising and 

falling edge of the output due to sudden change of voltage 

level. Besides, the static and total power were able to be 

analysed and collected from the simulation of the schematic 

design whereas in the calculation analysis, a formula of 

Pstatic = Istatic Vdd is used to obtain the same power value 

as the simulation part. Even though we didn’t manage to 

obtain the lowest power which by using AVL technique, this 

simulation and analysation may be useful for other re-

searcher to learn the behaviour of half subtractor using 

120nm CMOS technology which then will improve the 

performance of a half subtractor in the future. 
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