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Abstract
Adigital circuit is constructed from small electronic circuits called logic gates that can be used to create combinational logic. A logic
gateis an idealized or physical device which implements a Boolean function. It is an arrangement of electrically controlled switches,
known as transistors. They are the fundamental building block for high performance data path circuits. The monalithic digital
integrated circuit devices can be constructed using several different designs methods which use different logic families. In this paper
different logic circuit families are compared. Power, delay and power-delay product are some of the performance parameters used for
comparison.

Keywords- CMOS, power, delay, power-delay product.

* k%

1INTRODUCTION

A logic gateperforms a logical operation on one or more I
inputs and produces a single logic output. Logitegaare
primarily implemented using diodes wansistors but can al:
be constructed using electromagnetic relays, ftuildigic,
pneumatic logic, or evemechanical elements. In the pres
work, NAND gate is implemented using RTL, DTL, THnd
CMOS structures.

2LOGIC FAMILIES
21RTL

RTL stands for Resistor Transistor Logic. In RTLgily
transistor is used in conjunction with resistorgteate dogic
circuit. The NPN transistor used in RTL logic aes ar
inverter circuit. When high (Logic ‘1’) input is pjpied at gate
then transistor turns ‘ON’ and low (logic 0’) outpis
obtained. The RTL NAND gate is shown in figur

Fig. 1 RTL NAND gate

An RTL NAND gate circuit consists of two transitd@1 anc
Q2 connected as shown in figure 1. When both afitiipl or
In2 is driven high, corresponding transistor gaesdturatior
and output is pulled to low value. When both thpuils In1
and h2 are driven low, corresponding transistor goe®d-
state and output is pulled to high va

22DTL

DTL stands for Diode Transistor Logic. In DTL, thegic
function is implemented using diodes and transistBach o
the input is associated with one diode. Figure @xshDTL
NAND logic circuit. Here diode acts as ‘AND’ cird¢uand is
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connected to a treistor inverter which acts as ‘NOT’ circt
According to inputs going high value, the corresting diode
conducts current, through the resistor. This tu@B’ the
transistor. The transistor act as short circuit endrounded
At the output, low vala is obtained. If input In1 and In2 ¢
Low, the diodes do not conduct and thus outputtisligh
value.

Fig. 2 DTL NAND gate

23TTL

TTL stands for TransistoFransistor Logic. Figure 3 shov
the TTL NAND gate.

Fig. 3TTL NAND gate

When one othe inputs is high, the output is high; otherw
the output is low. When both inputs In1 and In2 laigh, the
two transistors on the left are in reverse actbages A curren
flows through the resistor through the base antectr of
these transists, and then through the base of the transistc
the right, saturating it and briing the output down near
groundWhen both inputs Inl1 and In2 are low, the easiath
to ground through the resistor is through the bakdhe
transistors on the left tthe inputs. This brings their collect
voltages low enough so that very little current déoow
through the base of the transistor on the rights Keeps tha
transistor off, bringing the output to high. Whenlyoone of

the inputs is low, that inputrovides the easiest path to

ground, through its corresponding transistor. Theeps the
transistor on the right switched ¢

24CMOS

CMOS stands for complementary Metal Ox
Semiconductor. It uses complementary arrangemehnts-
channel and P-channieleld Effect Transistor. Since the init
devices used oxidesolated metal gates, they are ca
CMOS. CMOS NAND gate is shown in figure

Fig. 4 CMOS NAND gat

3RESULTS& DISSCUSSION

The output waveforms are shown in figure 5. Thexis
shows he voltage level in volts and y axis shows time
seconds. The input voltage level is given by V(irdhd
V(in2). The corresponding NAND logic output can
observed from V(out). Thus it can be seen thabthtof the
two inputs are at high logic levethe corresponding output
shows logic ‘1’ and if both the inputs are low, theutput is a
logic ‘1. Simulations have been performed for RTRTL,
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TTL and CMOS NAND logic. The output waveform shoimr
fig 5 is of CMOS NAND logic.
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Fig. 5 Output Waveforms

Table 1 shows the comparison between RTL, DTL, Bhd
CMOS logic families. The simulation had been carmit at
power supply voltage value of 3 V. Power, delay] apwe-
delay products arefew of the performance paramet
considered here for comparison between various Ic
families.

Table 1 Comparison of different logic famili

length  Power  Delay  Power-Delay Product
RTL 443E-04 3.11E401 1.38E-02
DTL 0.59E-04 7.69E401 137802
TIL 3.99E-03 3.06E401 1.10E-01
CMOS 462606 6.91E+01 31904

It can be observed from Table 1 that power disgipain
CMOS logic is least as compared to all the logiifies. The
power delay product whickhows the figure of merit is lee
for CMOS technology and hence CMOS logic fan
outperforms all the logic families.

Figure 6 shows the graphical representation of o
consumption in different logic families. It can keen tha
TTL logic families cosume highest power and minimt
power dissipation is in CMOS logic family.
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Fig. 6 Power dissipation in various logic famil

Figure 7 shows the graphical representation of ydeta
different logic families. It is observed that DTagdic family
has thanaximum delay compared to CMOS logic fan
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Fig. 7 Delay in various logic familie

Figure 8 shows the graphical representation of p- delay
product in different logic families. It can be sedat thougt
delay in CMOS is high than TTL, but pov-delay product of
CMOS is minimum compared to other logic familiehu$
overall performance of CMOS logic family is better

comparison with other logic familie
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Power-Delay Product
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Fig. 8 Power dissipation product in various logic fanslie

CONCLUSIONS

This paper provides comparison of different logieflies in
terms of power, delay and power-delay product.al$ been
observed that delay in CMOS logic family is high as
compared to TTL logic family. The power consumptiamd
power-delay product of CMOS logic families are rmimim.
Thus CMOS outperforms in performance parameters as
compared to other logic families.
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