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Abstract
An Arithmetic Logic Unit (ALU) is an integral part of a computer 
processor. It has the capability of performing a number of different 
arithmetic and logic operations such as addition, subtraction, bit-
shifts and magnitude comparison. ALUs of various bit-widths 
are frequently required in Very Large-Scale Integrated circuits 
(VLSI) from processors to Application Specific Integrated Circuits 
(ASICs). In this paper, we present the design of a high performance 
4-bit ALU using CMOS & BiCMOS technologies for high speed 
applications. Thease were further compared w.r.t. speed, power 
dissipation and power delay product. The comparison of CMOS 
to BiCMOS often seen in the literature shows the delay of single 
stage circuits driving a capacitive load, with the BiCMOS circuit 
exhibiting a bold advantage. TANNER EDA tools were used for 
schematic simulation. The simulation technology used was MOSIS 
200nm. This ALU can be used in mixed signal processing like 
radar system, image recognition, high speed broadband networks 
etc. The analog input signal must first be sampled and digitized 
using an ADC (analog to digital converter). The resulting binary 
numbers, representing successive sampled values of the input 
signal, were transferred to the processor. The ALU of the processor 
carried out numerical calculations with them. These calculations 
typically involve multiplying the input values by constants and 
adding the products together. 
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I. Introduction
An Arithmetic Logic Unit (ALU) is the heart of all microprocessors. 
It is a combinational logic unit that performs its logical or arithmetic 
operations. ALU is getting smaller and more complex nowadays to 
enable the development of a more powerful but smaller computer. 
However there are a few limiting factors that slow down the 
development of smaller and more complex IC chip and they 
are IC fabrication technology, designer productivity and design 
cost.  The increasing demand for high speed Very Large Scale 
Integration (VLSI) can be addressed at different design levels, such 
as the architectural, circuit, layout, and the process technology 
level.  At the circuit design level, considerable potential for speed 
enhancement exists by means of proper choice of a logic style 
for implementing combinational circuits. This is because all the 
important parameters governing speed—switching capacitance, 
transition activity, and short-circuit currents—are strongly 
influenced by the chosen logic style. Depending on the application, 
the kind of circuit to be implemented, and the design technique 
used, different performance aspects become important. In the past, 
the parameters like low power dissipation, small area and low cost 
were the major areas of concern, whereas speed considerations are 
now gaining the attention of the scientific community associated 
with VLSI design [5]. In CMOS technology, while we design high 
speed 4-bit ALU, we have to take care about power dissipation 
also. Power dissipation is the most critical parameter for portability 
& mobility and it is classified into dynamic and static power 

dissipation. Dynamic power dissipation occurs when the circuit 
is operational, while static power dissipation becomes an issue 
when the circuit is inactive or is in a power-down mode. There 
are three major sources of power dissipation in digital CMOS 
circuits, which are summarized as 
Pavg = Pswitching + Pshort circuit + Pleakage

=(α0→1*Cl*Vdd
2*Fclk)+(Isc*Vdd)+(Ileakage*Vdd)  (1)

The first term represents the switching component of power, where 
Cl is the load capacitance, Fclk is the clock frequency and α is 
the probability that a power consuming transition occurs (the 
activity factor). The second term is due to the direct-path short 
circuit current, Isc, which arises when both the NMOS and PMOS 
transistors are simultaneously active, conducting current directly 
from supply to ground. Finally, leakage current, Ileakage, which 
can arise from substrate injection and sub-threshold effects, is 
primarily determined by fabrication technology considerations 
[1,3].
The switching power in CMOS digital integrated circuits is a 
strong function of the power supply voltage. Therefore, reduction 
of Vdd emerges as a very effective means of limiting the power 
consumption. However, the saving in power consumption comes 
at a significant cost in terms increased circuit delay. Since the 
exact analysis of propagation delay is quite complex, a simple 
first order derivative can be used to show the relation between 
power supply and delay time 
Td  α  Cl Vdd/k(Vdd-Vth)α    (2)
K = Transistor aspect ratio (W/L)
Vth = Transistor threshold voltage
α  = Velocity saturation index which varies between 1 and 2.
Unfortunately, reducing the power supply voltage reduces power, 
but when the supply voltage is near to threshold voltage, the delay 
increases drastically [2].
This problem in CMOS can be overcome by using BiCMOS 
technology. BiCMOS technology marries both CMOS and bipolar 
(BJT) structure on the same substrate to enjoy the best from both 
worlds. A CMOS device offers the advantage of low power and 
high digital IC density. On the other hand, bipolar transistors 
are able to deliver large drive currents and can rapidly charge 
heavy loads. The implementation of digital bipolar circuits with 
Emitter Coupled Logic (ECL) gates permits small logic swings 
and excellent noise immunity. By appropriately trading off the 
characteristics of each technology an ultimate balance speed cum 
power which is not possible with either bipolar or CMOS ICs 
alone can be reached. The integration of high density low power 
BiCMOS arrays and high speed bipolar drivers produces gate 
arrays that not only are faster than comparable CMOS but consume 
far less power then fellow ECL arrays whose device density is 
approximately the same. Both analog and digital functions can be 
integrated on the same BiCMOS chip, and the selection between 
a transistor- transistor logic or ECL interface is possible [4].    
The traditional CMOS-BiCMOS comparison (fig. 1), shows the 
delay of a single stage circuit (e.g. 2-NAND) of each technology 
driving a capacitive load with the slope of each curve representing 
the output impedance of the circuit. The two curves intersect at the 

Comparative Study of 4-Bit ALU using CMOS and BiCMOS 
for 200nm Technology

Arvind Kumar
Dept. of Electronics & Communication, UIET, Panjab University, Chandigarh, UT, India



IJCST Vol. 3, ISSue 1, Jan. - MarCh 2012ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

w w w . i j c s t . c o m InternatIonal Journal of Computer SCIenCe and teChnology 605

crossover capacitance (Cs), with BiCMOS faster for loads greater 
than Cs. Because Cs is small (==0.2pF), the traditional comparison 
justifies an all-BiCMOS design points when performance is the 
primary consideration. Very few nets have C<Cs; even for the nets 
C<Cs, the CMOS advantage over BiCMOS is small [4].

Fig. 1: Single Stage Circuit Performance Comparasion

II. Methodology
In order to design the Arithmetic Logic Unit, ALU, the following 
procedures have been used as the general guideline:

State the specification of the desired functions of ALU by 1. 
using truth table and any other means whereas possible [9].
Minimize or transform it to the desired logic gates like XOR, 2. 
XNOR, and so on.
Draw the schematic for the logic diagram using S-edit and 3. 
compile the schematic.
By using wave form editor of T-Edit, the input and output 4. 
nodes are being insert for simulation.
After the design has been verified, the design will be 5. 
implemented into transistors.
The performance of ALU will be obtain through T-spice and 6. 
W-edit of TANNER EDA tools [11].

The design methodology is as shown in fig.
(i). The ALU function is provided as a single-bit operation, built 
up of gate-level combinational logic as shown in Fig. 2.

Fig. 2: One Bit Arithmetic Logic Unit

(ii). The multi-bit ALU is created as a result of combining many 
single-bit ALUs in a cascaded configuration as shown in fig. 3.

Fig. 3: Multi-Bit ALU

(iii). ALU provides the arithmetic and other data functions in a 
single package [6].
(iv). ALU functions are selectable using control signals.
Individual gate level elements are cascaded together to form an 
(v). ALU of the computer word length.
(vi). Our 1-bit ALU schematic has four different elements

The Full Adder Block• 
The 2:4 ALU Function Decoder and Selector.• 
The Gate Level Primitives for NOT (B), AND (A, B) and • 
OR(A,B).
The data control input logic (inputs, NOT (B) input control • 
and input Enable lines.

(vii). This ALU can be analyzed by first constructing a truth table 
(Table 1) to obtain the Boolean equations [7-8].

Table 1:

III. Results And Discussion
At the beginning of, we have designed basic logic gates using 
CMOS and BiCMOS separately in S-edit of Tanner EDA tool. From 
T-edit, input signals and the commands for the plot of input,output 
and power waveforms was given.Then we considered parameters 
(power and delay) of both the circuits in waveform editor of 
Tanner. From there an conclusion was made that performance 
parameters of BiCMOS is better. as shown in Table 2.
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Table 2:
Devices NAND(ns) NOR(ns) INVERTER(ns)
CMOS 0.09 0.65 0.24
BiCMOS 0.048 0.34 0.16

Then using 4-bit full Adder circuit [10] and performance parameters 
were still the same i.e. BiCMOSs performance is better as shown 
in Table 3, below.

Table 3:
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1. CMOS 12.5 3.25 144 40.625

2. BiCMOS 14.75 1.80 168 26.55

Finally, with the designing of 4-bit ALU the results are shown in 
Table 4, & Table 5.

Table 4: Performance Parameter Of 4-Bit ALU Using CMOS

Operation Power Dissipation
(uw)

Delay
(ns)

Power-Delay 
Product

Complement 60 6.45 387
Addition 70 7.60 532
Subtraction 71.5 7.52 537.68
Increment 51.5 2.6 134
Decrement 53 2.8 148.4
Inc. After 
Addition 83 7.60 631

Logical AND 48 5.00 240
Logical OR 68 2.92 198.5
0 25.8 1.16 29.92
1 34 1.12 38.08
-1 42 1.56 65.52
Multiplication 
(Wallace Tree 
type)

72 7.20 518.4

Table 5: Performance Parameter of 4-Bit ALU Using BiCMOS

Operation
Power 
Dissipation
(uw)

Delay
(ns)

Power-
Delay 
Product

Complement 65 2.838 184.47
Addition 72.8 3.04 221.31
Subtraction 75.4 3.31 249.57
Increment 55 1.04 57.2
Decrement 56 1.12 62.72

Inc. After Addition 90 3.344 300.96

Logical AND 52.8 2.3 121.44
Logical OR 74.4 1.2848 95.59
0 30 0.5104 15.31
1 35 0.4928 17.248
-1 44.8 0.6864 30.75
Multiplication (Wallace
 tree type) 84 3.90 327.6

From S-edit of TANNER EDA tool, we implement 4-bit ALU 
separately using CMOS and BiCMOS. From T-spice Simulation, 
we calculate the total number of transistors used in both the circuits. 
Also with fixed channel width to length ratio, W/L in CMOS 
and BiCMOS design,we made a conclusion that the static design 
implementation of 4-bit ALU using BiCMOS technology  can 
provide a much faster response as its output can provide a lower 
rise and fall delay in general compare to CMOS technology.    
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