Logic Families
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Bipolar mm_._azmm _ Unipolar Families
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v _ y
Schottky TTL ECL
4

Saturated Families

b

i

v v v v v

RTL DCTL DTL HTL L TTL
JFig. 10.28 Clasification of Locig Families.
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10.2.2 Characteristics of Digital ICs and families

Emergence ol various logic families and integration techniques have resulted in
widespread use of digital ICs. It is thus necessary to study different performance
parameters and characteristics of logic families. They adequately reflects their relative
advantages and disadvantages and may serve as a basis to choose a particular family
for the application. Infact our study and analysis of different families will be around
these parameters only.

+ Propagation Delay is the maximum time taken by outpul to change its state in

/\.\\ response to_input. The propagation delay determines the speed of operation of a Pcitiye Tluaz
% duty cycle time m@:maw\‘u

IE e .mﬁfpgﬁan&hmm.m In general switching speed is measured when 50

put and a square wave is generated at output, as shown in

m ‘H wave is applied at a in

. o n@@. M\. Figure 10.28(a). The times are measured from 50% of voltage levels. The time fpy

Hre ‘un@a a m-@.ivﬁ is delay when output goes LOW from HIGH and ¢p[,; is the time delay taken by
o T / sta : propasats Tav 71

g_v\CGJ P o) ? output to go HIGH from LOW state. The propagation delay ¢, is average of the

two times and measured in n sec. —

%\.@u N@,NU ._.@%F\wf. (= E\.W.E = Propagation Delay (n sec)
o, 46 iy @&Dbu | G mamececounds

\yb},%m. vodue -

Input

K&m. 10.28(a) Input-output waveforms for propagation delay

Power Dissipation (Pp) is defined as the power dissipated in an IC and measured
in mW. It is desired to have low power dissipation to reduce cooling, but it may

increase Lhe _uﬂOUmmm:OS delays.

Speed power product is defined as the product of propagation delay (in nano

secands) and power dissipation (in mW) and is measured in pico joules. It is also

referred as the figure of merit of a digital IC.
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figure of merit = Propagation delay x Power Dissipation
= (, x Py = nsec x mW
= ‘[U

Fan In is defined as the number inputs that a logic gate can have

Fan Out is delined as number of similar gates that a logic gate can drive. High
fan out is desirable.

Input and Output Voltages various input and output voltage levels are shown
in Fig. 10.29.

High Level Input Voltage (V) is defined as the minimum input voltage
\—'“—\
recognized as logic I.

+Veo +Vce
High
“Ae=ViH /s - < Vo
Vin = ViL | = Input Logic Swing ViH = ViL | = Output Logic Swing
- /’, <« VL / ; <« VoL
/// LQW// - Low
A oV P ETPIA oV
(a) Input Voltage Profile (b) Output Voltage Profile

Fig. 10.29 Tllustration of Voltage Profiles

Low Level Input Voltage (Vi) is defined as maximum value of input voltage
recognized as logic 0.

High Level Output Voltage (V) is defined as the minimum value of output
voltage when output is logic 1. ) )

Low Level Output Voltage (V) is defined as the maximum voltage that appears
at output when output is logic O. '

The voltage separation between the two logic states is defined as the logic swing.
Input logic swing = Vy - V.
Output Logic swing = V- Vi,

Input and Output Currents The important input and output currents are shown

in Fig. 10.30,
HIGH LEVEL INPUT CURRENT (I, is defined as the minimum current that
must be supplied to a gate corresponding to logic | input.

| il |

IL e B M__—L
St R
¥ e loH

\P@,. 10.30 lllustration of currents In a gate

Low Level Input Current (I;y) is defined as the minimum current that must be
supplied to the gate corresponding to logic 0 input.
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Switching Theory
rrent (1) is defined as the maximum amount of current

High Level Output Cu | Lin
(hat a gate can sink when output _is logic 1.

Low Level Output Current (I;) is defined as the maximum amount of current
.JOV -t o e N i

(hat a gate can sink_when output_1s logic 0,

Why we have shown the output currents as sink current will be clear when

discussing the circuits of various families.
Supply Currents it is important to consider the current drawn in low and high

state.
High State Supply Current (I..(1)) is the current drawn from supply when

output of gate is logic 1.

Low State Supply Current (I..(0)) is the current drawn from supply when

output of gate is logic Q.

We can calculate average power dissipation by calculating the dissipation in two

states.

The Low state power dissipation [P(0) = VCC.ICC(OH

I'he High state power dissipation[P(l.) = Ve Lee(l)
P(1) + P(0)
g

This is how we will calculate the power dissipation of various families in next
sections.

The average power dissipation |Pavg =

« Noise Margin Unwanted electric signals. called noise. can appear when connecting
the logic devices. These noise signals can cause the voltage levels to rise or reduce
from intended value. This may cause circuit_malfunction. For example if noise
causes an input voltage to reduce below the V ;. then input is not recognized as
logic 1 and thus the circuit malfunctions. The ability of a circuit to tolerate the
effect of noise is called as noise immunity. The amount by which a circuit can
tolerate the effect of noise is called noise margin. The noise margins are illustrated
in Fig. 10.31. Margins shown in the figure are called dc noise margin, they are

Al = Vo, ~ V= High state noise margin

AQ =V - VOJ= Low state noise margin

o A7
%% High State - ~ - - — é ,'9/0 /“‘VOH
Vig—> // /, Noise Margin| A1 - - |

V"_") P

- ————

7//% Low State T ag

/ L(V Noise margin® = = = - - 7 <= VoL

oIS // é e

Input Profile Output Profile
Fig10.31 Ulustration of Noise Margins.,

Sl
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10.3.3 Direct Coupled Transistor Logic (DCTL)

The Basic DCTL gate is a NOR gate shown in Fig. 10.39. Comparing the Fig. 10.39 with
Fig. 10.38(a) reveals the fact that DCTL is a RTL gate with no base resistor. Infact output
of driver is directly connected to load and hence the name DCTL. Naturally in this case LOW
output voltage is <nm,§ =0.2V and the HIGH output voltage is Vgg = 0.8 V. But the

sat

output logic swing is very small (0.8 - 0.2 = 0.6 V). Thus the noise margin is poor.

- +Vee +Vee
Rc . . Wﬂo
4
+Vee
) e
‘ =
A B

Driver Loads

Fig. 10.39 Basic DCTL NOR Gate.
.H.jm UOM)H; OA1TEC v cfvmaod o e e o ANTAY t. . -, PP iy 2 tT 1
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M <
_U> R, = 2K
Ae—— | ———e Y
_\.O D _
1
R e—k - P / _\_V_w Imv

S5K<Rgp

i

—

Fig. 10.45 Modified DTL. NAND gate
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T, v e AT W » e 11\1._-N1U 5.8

R1=3K ummonamx
X ¢D> R, = 12K i
< \ Vz= 6.9V
Be—} P %4 AHNT . _\
Dg N Tmo
S5K<Rp

Fig. 10.46 Basic HTL NAND GATE
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_ +<00
m? Re,
_.w A K N Cs
\R \\ / O‘_ //llll <O
A / \ a. \ B Q IC Output
B .L / d
] ~
- =+
= = Ne -
Fig. 10.48 Clamping diodes Fig. 10.49 Open collector
at input output of TTL

Open collector output When the collector resistance Rc; of Fig. 10.47 is removed and

collector of output transistor Q3 is made available directly as IC pin, the output is called open

collector output. However these outputs must be connected to +Ve through an external
resistor, before taking the output.
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device) provides the charging current to output capacitance Cgp, the circuit shown in Fig.
10.52 is called as active pullup circuit, and the output is called active pullup output. Also
note that transistors Q, and Q4 forms a totem-pole pair, and hence the output is also called
-as_totem pole output. Transistor Q, acts as phase splitter for totem pole transistor pair.
Advantage of active pullup is increased speed without increasing power dissipation. The
purpose of using Diode D is to keep transistor Q, in cutoff when output of gate is LOGIC O.

+Vee =5V
2 4
vic,
WOM =100Q
Cs
=¥
D
N
Vo
_
_
Q3 ife
. T
. %xmwu K " Co
L i

Fig. .fc\w_\vm\ I'TL, NAND Gate with Active Pullup.
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Chapter 8 / Integrated-Circuit Logic Families

TTL NOR gate

Input A

input B
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FIGURE&12 (2} Schottky-clamped transistor; (b) basic NAND gate in S-TTL series. (Courtesy of Fairchild, a
Schlumberger company)
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