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Digital devices

« Introduction

« Gate characteristics

¢ Logic families

e TTL

« CMOS

« Interfacing

¢ Noise and EMC in digital systems.

¢ Typical logic device pin-outs.
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Introduction Introduction (contd.)

« Earlier we looked at a range of digital applicaidased Integration level Number of transistors
on logic gates — at that time we treated the gateislack Zero scale integration (ZSI) 1
boxes’. Small scale integration (SSI) 2-30

« We will now consider the construction of such gatnd Medium scale integration (MSI) 30-10°
their characteristics. Large scale integration (LSI) 103 - 10°

« Many terms are used to describeegr ation level. Very large scale integration (VLSI) 10°-107

« In this lecture we will concentrate emall- andmedium- Ultra large scale integration (ULSI) 107-10°
scaleintegration circuits containing just a handful of Giga-scale integration (GSI) 10° - 10
gates. Tera-scale integration (TSI) 104 - 1018

I ntroduction (contd.) Gate characteristics

¢ Theinverter or NOT gate

— consider the characteristics of a simple inverting amplifier
as shown below

— we normally use only tHénear region.

Voltage swing

«— limited by supply rails

Operating /
point for
linear operation

(a) Circuit symbol (b) Characteristic

Copyright 2000 N. AYDIN. All rights
reserved.




Gate characteristics (contd.)

* We can use an inverting amplifier as a logicakier but
using only thenon-linear region

Allowable voltage
ranges for V;

Gate characteristics (contd.)

of the linear region — as in (a).

— Unlike linear amplifiers, we use circuits with a rapid
transition between the non-linear regions — as in (b).

(b)

— We choose input values to ensure that we are always outs

Gate characteristics (contd.)

e Logiclevels

— The voltage ranges representing ‘0’ and ‘1’ represent the
logic levels of the circuit.

— Oftenlogic Ois represented by a voltage close to 0 V but th
allowable voltage range varies considerably.

— The voltage used to represéugic 1 also varies greatly. In

some circuits it might be 2-4 V, while in others it might be
12-15V.

— In order for one gate to work with another the logic levels
must be compatible.

Gate characteristics (contd.)

e Noiseimmunity

— Noise is present in all real systems.

— This adds random fluctuations to voltages representing lodi

levels.

— To cope with noise, the voltage ranges defining the logic
levels are more tightly constrained at the output of a gate
than at the input.

— Thus small amounts of noise will not affect the circuit.

— The maximum noise voltage that can be tolerated by a cirg
is termed itfoiseimmunity, Vy .

c

Gate characteristics (contd.)

e A graphical representation of noiseimmunity.
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Gate characteristics (contd.)

e Transistorsasswitches

— Both FETs and bipolar transistors make good switches.

— Neither form producaleal switches and their characteristic
are slightly different.

— Both forms of device take a finite time to switch and this
produces a slight delay in the operation of the gate.

— This is termed thpropagation delay of the circuit.
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Gate characteristics (contd.)

e TheFET asalogical switch

VDD
Rp ¢
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(a) Circuit (b) Waveforms

Gate characteristics (contd.)

e Riseand fall times
— because the waveforms are not perfectly square we need
way of measuring switching times
— we measure thasetime, t, andfall time, t; as shown
below

Gate characteristics (contd.)

e Thebipolar transistor asa logical switch

Vi
Vee

Re

(@) Circuit (b) Waveforms

Gate characteristics (contd.)

— When the input voltage to a bipolar transistor is high the
transistor turns ON and the output voltage is driven down t
its saturation voltage, which is about 0.1 V.

— However, saturation of the transistor results in the storage
excess charge in the base region.

— This increases the time taken to turn OFF the device —an
effect known astoragetime.

— This makes the device faster to turn ON than OFF.

— Some switching circuits increase speed by preventing the
transistors from entering saturation.

Gate characteristics (contd.)

¢ Timing consider ations
— all gates have a certgdnopagation delay time, tpp
— this is the average of the two switching times.

Vi
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L ogic families

« We have seen that different devices use differeltages
ranges for their logic levels.

They also differ in other characteristics.

< In order to assure correct operation when gates ar
interconnected they are normally produced in fasili
We will look briefly at a range of logic familiethen
concentrate on the most important ones, namély and
CMOS.
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L ogic families (contd.)

* Resistor-transistor logic (RTL)
— an RTL NOR gate

B | X

o1 Logic levels
1o Vi=Veran =~ 0.1V
010 Vu=Vec

110

L ogic families (contd.)

« Diodelogic

Logic levels

Out

[N
1 =
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—ems|s
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V| Vou= Vo= 07V
Vir=Vee | Vou=Vee

(@) AND gate

B

X
0
1

1
1

B
0
1
0
1

-IF‘;'& I

() OR gate

L ogic families (contd.)

¢ Diode-transistor logic
— ADTL NAND gate

A4 B|X

0 0|1 Logic levels

0 11

10| V= Verga = 0.1V
1o Vi=Vee

L ogic families (contd.)

« Replacing the diodes of a DTL gate with transistor

np—pn
junction

(a) DTL (b) TTL

L ogic families (contd.)

e Transistor-transistor logic(TTL)
— asimple TTL NAND gate

Vee

« Emitters Collector
° Base

. 7
Uelall)

74

(a) Circuit (b) Multi-emitter transistor

L ogic families (contd.)

« A non-saturating logic gate.

——— o x
coo~|x

——oco|n
—omo|w

(a) Circut (b) Truth table
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L ogic families (contd.) L ogic families (contd.)

« Emitter-coupled logic (ECL) « Metal oxide semiconductor (MOS) logic
— athree-input ECL OR/NOR gate — NMOS gates
Vop Vop
4| X
300Q 300Q [I] E‘Tl 0 1 R
@4( 1]o
o X X
i B c - I— = Logic levels
Y -sv J < T2
V=0V
h A 4 H Vu="Vpp 4
118kQ |;| ov ov
(a) Inverter

L ogic families (contd.) L ogic families (contd.)

— NMOS NAND
and NOR gates

¢ Complementary metal oxide semiconductor (CM OS)
logic
— a CMOS inverter

Vop Vop
|_ A | X 1
e !
A ::}—nx X
< 12 Logic levels { 4
H V,=0V
Va="Vop
ov . ov
L ogic families (contd.) L ogic families (contd.)

N

7

— two-input e B « Bipolar CMOS (BiCMOS) logic
CMOS gates "jﬂ X : — asimple BICMOS inverter

L
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A comparison of logic families

Parameter TTL ECL CMOs
Basic gate NAND OR/NOR NAND-NOR
Fan-out 10 25 >50
Power per gate (mW) 1-22 4-55 1@1 MHz
Noise immunity Very good Good Excellent
Tep (NS) 1.5-33 1-4 1.5-200

e Standard TTL

— part of a typical
TTL data sheet

TTL (contd.)

— a TTL two-input NAND gate
V=45V

130Q
4kQ 1.6kQ

T3

D3

_—o o
—_—o=o |
o —|x

T4

DI A AD2 1kQ

ov

TTL (contd.)

— TTL transfer function

v,

TTL (contd.)

— input and output voltage levels for 74 family devices

Minimum  Typical Maximum

Vi — — 0.8
Vi 2.0 — —
Voo — 0.2 0.4
Von 2.4 3.6 —
— noiseimmunity in logic 1 (high) V4 = Vonmin = Vikmin
=24-20
=04V
— noiseimmunity inlogic O (low) Vy, = Vit (max ~ VoLmes
=0.8-04
=04V

TTL (contd.)

¢ Open collector devices
— the 7401 two-input NAND gate with open collector output.

Vee=+5V

——oo|n
—o—ol|®
o=

ov
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TTL (contd.)

— use of an open collector gate with an external load

TTL (contd.)

¢ Wired-AND operation

A X A

C C
X=A4ifC=1 X=A4ifC=0
Output is of fif C=0 Outputis offif C=1
(a) Active high control (b) Active low control

5 5 5 {or——

: : 5 5 s oy—t
A o—t—t Tl 1 b'e X X
bt s : ; o

¥ ¥ S '

H () Using totem-pole (b) Using open () Logic symbol

H oV output devices collector devices for wired-AND

TTL (contd.) TTL (contd.)
¢ Three-stateoutputs ¢ TTL inputs

— unused inputs, if left unconnected, will float to logical 1
— itis unadvisable to allow them to float since they are then
very susceptible to noise
— unused inputs should be tied to ground (logic 0) or through a
resistor to the positive supply rail (logic 1)
« unused inputs to an AND or NAND gate should bd high
¢ unused inputs to an OR or NOR gate should be owd

Other TTL families

e Low-power TTL (74L)
— a 74L00 two-input NAND gate

Vee=45V

Other TTL families (contd.)

¢ High-speed TTL (74H)
— a 74H00 two-input NAND gate

Voc=+5V
760 Q 580
28kQ
T3

T4

Ao— TI kv X
B Ts

DI A AD2 40 4
kQ
ov
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Other TTL families (contd.)

¢ Schottky TTL (74S)
— Schottky diodes and transistors

K

(a) Schottky diode (b) Equivalent circuit (c) Circuit symbol
circuit symbol for a Schottky for a Schottky
transistor transistor

Other TTL families (contd.)

— a 74S00 two-input NAND gate

Other TTL families (contd.)

¢ Low-power Schottky TTL (74LS)

A comparison of TTL families

CMOS data sheet

Family Descriptor Tep (NS) Power per
— a 74LS00 two-input NAND gate gate (mW)
v Standard 74XX 9 10
Low-power T4LXX 33 1
High-speed TA4HXX 6 22
Schottky T4SXX 3 19
Advanced Schottky T4ASXX 1.5 8.5
Low-power Schottky TALSXX 9.5 2
;, Advanced low-power Schottky TAALSXX 4
Y FAST T4FXX 2.7
CMOS CMOS (contd.)
« CMOS — CMOS input and A e
— part of a typical output voltage levels ][, ”

— noiseimmunity in logic 1 (high) V,,, = Vorminy = Virmin)
=Vpp — 0.7% Vpp
=0.3%xVpp

— noiseimmunity inlogic 0 (Iow) Vi = Vi = Vor(may
=0.3xVpp -0
=0.3% Vpp
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CMOS (contd.)

« CMOSinputs "
— CMOS gate protection circuitry L .
e
A

— CMOS inputs mugtot be left unconnected

— unused inputs should be tied to ground (logic 0) or to the
positive supply rail (logic 1)
« unused inputs to an AND or NAND gate should bd high
 unused inputs to an OR or NOR gate should bel tigd

CMOS (contd.)

« CMOSoutputs
— typical output resistance of about Z5(bV operation)
— high input resistance produces a high fan-out

— propagation delay increases with the number of gates bei
driven

— if high-speed operation is not required, at least 50 gates ¢
be driven from a single output

— no CMOS equivalent of open-collector output

— some CMOS gates have three-state facility.

CMOSfamilies

¢ Standard CM OS (4000B)
— one of the oldest form of CMOS — now largely obsolete
— operates with supply voltages of 3-18 V

— can produce very high noise immunity (typically about 0.4
* Vo)

— relatively slow — propagation delay times of 45-125 ns.

CMOS families (contd.)

¢ Standard CMOSwith TTL pin-out (74C)

— adopts a device numbering scheme compatible with
corresponding TTL parts

— operates with supply voltages of 3-18 V

— can produce very high noise immunity (typically about 0.4
*Vee)

— relatively slow — propagation delay times of 30-50 ns.

« High-speed CMOS (74HC)

CMOS families (contd.)

— will operate with supply voltages of 2—6 V, but often uses & 5
V supply

— significantly faster than standard CMO${ = 8ns)
High-speed CMOS, TTL compatibleinputs (74HCT)

— another high-speed family, which offers TTL compatible
inputs

— operates with supply voltages of 4.5-5.5 V

— direct replacements for similar TTL parts, with similar spedds
to 74LS parts.

CMOS families (contd.)

« Advanced CMOS (74AC)

— offer a significant speed advantage over high-speed CMO
(Tep = 4ns), with similar power consumption
— will operate with supply voltages of 2—6 V
¢ Advanced CMOS, TTL compatibleinputs (74ACT)

— offers similar performance to Advanced CMOS, but has
TTL compatible inputs

— operates with supply voltages of 4.5-5.5 V.

2
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CMOS families (contd.)

¢ Low-voltageCMOS (74LV)
— can be used with supply voltages of 2 — 5.5 V, permitting
low voltage operation where necessary
¢ Advanced, low-voltage CMOS (74ALVC)
— this advanced low-voltage family can be used with supply
voltages between 1.65 and 3.6 V
— provides considerable speed advantage compared to the
74LV series
— Tpp Might be 3 ns when used with a supply voltage of 3.0 Y,
increasing to 4.4 ns when used at 1.8 V.

CMOS families (contd.)

« BiCMOS(74BCT)

— provides a range of high-speed input/output and device
driver circuits

— normally used with a supply voltage of 5 V, but will accept
supply voltages in the range 4.5 -5.5V

— typical Tpp @bout 3—4 ns.
¢ Low-voltageBiCMOS (74LVT)

— offers BICMOS operation in a family that can be used with
supply voltages between 2.7 and 3.6 V.

Interfacing TTL and CMOS

¢ DrivingCMOSfromTTL

A comparison of CM OS families
Family Descriptor Tep (NS) Static power
per gate (W)
Standard 4000B 75 50
Standard, TTL pin-out T4CXX 50 50
High-speed 74HCXX 8 25
High-speed, TTL compatible T4HCTXX 12 25
Advanced T4ACXX 4 25
Advanced, TTL compatible T4ACTXX 6 25
Low-voltage TALVXX 9 50
Advanced, low-voltage T4ALVCXX 3 50
BiCMOS 74BCTXX 315 600
Low-voltage BICMOS T4LVTXX 4 400

+5V +5V 45V 45V +5V +I5V
R R
TTL gate - CMOS gate TTL gate — CMOS gate
open collector high-voltage

or totem-pole
(a) Driving 5 V CMOS logic

open collector
(b) Driving 15 V CMOS logic

— use of a low-to-high voltage translator

+5V +5 +15V +15V

\_lrl

il

Interfacing TTL and CMOS (contd.)

Low-voltage Low-to-high High-voltage
logic e.g. voltage logic - CMOS
TTL or CMOS translator

Interfacing TTL and CMOS (contd.)

¢ Driving TTL from CMOS

CMOS LS-TTL LS-TTL
(a) Driving LS-TTL from CMOS

CMOS  LS-TTL Sud-TTL Std-TTL
(b) Driving standard TTL from CMOS
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— using a high-to-low voltage translator

+15V +15V +5V +5V

High-voltage  High-to-low TTL
CMOSs voltage
translator
(¢) Driving TTL from high-voltage CMOS

Interfacing TTL and CMOS (contd.)

Noiseand EMC in digital systems

« Digital noise sources

— Electronic noise

— Interference

— Internal noise

— Power supply noise

— CMOS switching transients

Noiseand EMC in digital systems
(contd.)
¢ Theeffectsof noisein digital systems
Ao x Ao x

'

o

Vr
[ - i
X : :
Vu —‘ Vi
Vi t "y t

Steady logic voltages

Slowly varying signals

Noiseand EMC in digital systems
(contd.)

¢ Designing digital systemsfor EMC
— backplane arrangements

Section of backplane Section of backplane

Clock line _
Signal lines:
_ Ground

(@) Bad (b) Good

Noiseand EMC in digital systems
(contd.)

— opto-isolation

Noiseand EMC in digital systems
(contd.)

— Schmitt trigger inputs

v,

Vi

Vi

A simple Schmitt trigger
circuit

Transfer
characteristics
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Noiseand EMC in digital systems Noiseand EMC in digital systems
(contd.) (contd.)

AC supply

= Adesign example ~

An industrial control system bt

A system is connected to two remote mechanical switches,
and to an AC heater and an AC motor. The controller is
required to take signals from the switches and to turn the
heater and motor ON and OFF according to some control

algorithm. The system is to be used in an environment with a

high level of electrical noise. Suggest how the unit could be
designed to minimize the effects of noise on its operation. —

X Earhed metlcase

Key points

« Physical gates are not ideal components.

« Logic gates are manufactured in a range of logic families.
« The ability of a gate to ignore noise is its ‘noise immunity’.
« Both MOSFETSs and bipolar transistors are used in gates.
« All logic gates exhibit a propagation delay.

* The most widely used logic families are TTL and CMOS.

« Both TTL and CMOS gates are produced in a range of versiops,
each optimised for a particular characteristic.

* Interface circuitry may be needed to link devices of different
families.

* Noise and EMC issues must be considered during design.
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