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FIGURE 3-1 Standard logic symbols for the inverter (ANSI/IEEE Std. 91-1984/

Std. 91a-1991). ‘é ﬂ
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The polarity or level indicator is a “triangle” () that indicates inversion when it appears on the input or
output of a logic element, as shown in Figure 3-1(b). When appear- ing on the input, it means that a LOW
level is the active or asserted input state. When appearing on the output, it means that a LOW level is the

active or asserted output state.
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(a) Distinctive shape

A waveform is applied to an inverter in Figure 3—4. Determine the output waveform

corresponding to the input and show the timing diagram. According to the placement of
the bubble, what is the active output state?
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FIGURE 3-6 The inverter | 0
complements an input variable. \
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(b) Rectangular outline with the
AND (&) qualifying symbol

FIGURE 3-8 | Standard logic symbols for the AND gate showing two inputs (ANSI/IEEE

Std. 91-1984/Std. 91a-1991).
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For an AND gate, all HIGH inputs
produce a HIGH output.

Truth table for a 2-input
AND gate.

Inputs Output
A B X
0 0 0
0 1 0
1 0 0
1 1 1

1 = HIGH, 0 = LOW



TABLE3-3
Inputs Output

A B C X

0 0 0 0

0 0 1 0

0 1 0 0

0 1 1 0

1 0 0 0

1 0 1 0

1 1 0 0

1 1 1 1

For the two input waveforms, A and B, in Figure 3—12, show the output waveform with
its proper relation to the inputs.
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FIGURE 3-15 Boolean expressions for AND gates with two, three, and four inputs.
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FIGURE 3-18 Standard logic symbols for the OR gate showing two inputs (ANSI/IEEE
Std. 91-1984/Std. 91a-1991).
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Truth table for a 2-input

OR gate.
Inputs Output
A B X
0 - 0~ 0.
0 L 1.
1 0 1
1 1 1

1 = HIGH, 0 = LOW
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FIGURE 3-20 Example of OR gate operation with a timing diagram showing input and
output time relationships.

EXAMPLE 3-9

For the 3-input OR gate in Figure 3-23, determine the output waveform in proper time
relation to the inputs.
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FIGURE 3-24 Boolean expressions for OR gates with two, three, and four inputs.

The NAND Gate

e = DD

(a) Distinctive shape, 2-input NAND gate and its (b) Rectangular outline, 2-input NAND
NOT/AND equivalent gate with polarity indicator

FIGURE 3-26 Standard NAND gate logic symbols (ANSI/IEEE Std. 91-1984/Std. 91a-1991).
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Truth table for a 2-input

NAND gate.
Inputs Output
A B X
0 0 o0 1
0 1 0 1
1 0 p 1
1 1 0

|
1 = HIGH, 0 = LOW.

EXAMPLE 3-11

Show the output waveform for the 3-input NAND gate in Figure 3-29 with its proper
time relationship to the inputs.
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FIGURE 3-29
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X= Ath
D = DD T

(a) Distinctive shape, 2-input NOR gate and its NOT/OR (b) Rectangular outline, 2-input
equivalent NOR gate with polarity indicator

FIGURE 3-34 Standard NOR gate logic symbols (ANSI/IEEE Std. 91-1984/Std. 91a-1991).

EXAMPLE 3-16

Show the output waveform for the 3-input NOR gate in Figure 3—-37 with the proper
time relation to the inputs.
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FIGURE 3-37 |

The Exclusive-OR and Exclusive-NOR Gates M
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(a) Distinctive shape (b) Rectangular outline

FIGURE 3-42 Standard logic symbols for the exclusive-OR gate.
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(a) Distinctive shape (b) Rectangular outline
FIGURE 3-45 Standard logic symbols for the exclusive-NOR gate. 6’\







An [XOR Igate used to add two bits.

%‘N’S%put Bits Output (Sum)
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rrosratil

The AND Array + D 17\ b’m\/\ﬁ

Elelele
guNswiDE

NN

sl

(a) Unprogrammed

GURE 3-49 Concept of a programmable AND array.
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Programmable Linkérocesggchnologies ‘\fe -

(Fuse )‘echnology

- —

(a) Fuse intact before (b) Programming (c) Fuse open after
programming current programming

FIGURE 3-51 The programmable fuse link.

( Antlfuse Technology

Contacts
\/ *
:: Insulator
(a) Antifuse is open before (b) Programmmiqg voltage (c) Antifuse is effectively
programming. breaks down/ insulation shorted after programming.

layer to create contact.

FIGURE 3-52 The programmable antifuse link.
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EPROM Technology




Transistor turned on or off Transistor permanently
by state of input A programmed off
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Transistor turned on or off
by state of input B

FIGURE 3-53 A simple AND array with EPROM technology. Only one gate in the array is

sh icity.
dfeprogram- mable Flash
vices than the Standard

Flash technology is based on a single transistor link and is both\aonvolatile a
EEPROM link. A detailed discussion of the flash memory element can be found in Chapter 11.

Flash Technology

elements are a type of EEPROM but are faster and result in higher

SRAMTechnology
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(a) SRAM-based programmable array

SRAM SRAM
cel 1__ cell O«
(b) Transistor on (c) Transistor off

FIGURE 3-54 Concent of an AND arrav with SRAM technoloav.



TABLE 3-14

series logic families based on circuit technology.

T —

Circuit Type Description Circuit Technology
ABT Advanced BiCMOS BiCMOS
AC Advanced CMOS CMOS
ACT Bipolar compatible AC CMOS
AHC Advanced high-speed CMOS CMOS
AHCT Bipolar compatible AHC CMOS
ALB Advanced low-voltage BICMOS BiCMOS
ALS Advanced low-power Schottky Bipolar
ALVC Advanced low-voltage CMOS CMOS
AUC Advanced ultra-low-voltage CMOS CMOS
AUP Advanced ultra-low-power CMOS CMOS
AS Advanced Schottky Bipolar
AVC Advanced very-low-power CMOS CMOS
BCT Standard BiCMOS BiCMOS
F Fast Bipolar
FCT Fast CMOS technology CMOS
HCT : tible HC CMOS
Low-power Schot Bipolar Z

LV-A Low-voltage CMOS CMOS
LV-AT Bipolar compatible LV-A CMOS
LVC Low-voltage CMOS CMOS
LVT Low-voltage biCMOS BiCMOS
S Schottky Bipolar

—
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Show the propagation delay times of an inverter.

Solution

FIGURE 3-67

datasheets
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2-Input NAND Gate

gh-Performance Silicon-Gate CMOS

The MC54/74HCO0A is identical in pinout to the LS00. The device inputs are compatible with Standard

CMOS outputs; with pully istors, they are compatible with LSTTL outputs. P MAXIMUM RATINGS*
- Outputs Discty tercd 16 CMOS, NMOS ] MC54(74HC00A Symbol Parameter Value _| Uni
+ Operating Voltage Range: 2 t0 6 V —_— Vee | DC Supply Voltage (Referenced to GND) ~05t0+7.0 v
« Léw Input Current: luA — J SUEFIX Via | DC Input Voltage (Referenced to GND) ~05toVec+05| V
+ High Noise Tmmunity Characteristic of CMOS Devices CERAMIC PACKAGE Vo | DC Output Voltage (Referenced to GND) -05toVec+05| V
e In Cu'mphance With the JEDEC Standard No. 7A CASE 632-08 L DC Inut C -
Requirements in put Current, per Pin +20 mA
 Chip Complexity: 32 FETs or 8 Equivalent Gates 14 Iout | DC Output Current, per Pin +25 mA
1 Icc | DC Supply Current, Ve and GND Pins +50 mA
1 LOGIC DIAGRAM N SUFFIX Pp Power Dissipation in Still Air, Plastic or Ceramic DIP+ 750 mW
Al 3 PLASTIC PACKAGE SOIC Packaget 500
g 2 Y CASE 646-06 TSSOP Package+ 450
14 Ty, | Storage Temperature ~65 to + 150 °C
A2l 6 1 Ty | Lead Temperature, I mm from Case for 10 Seconds °C
:D)— Y2 D SUFFIX Plastic DIP, SOIC or TSSOP Package 260
B2 VB 14 « SOIC PACKAGE : : _CeramicDIP | 300
9 CASE 751A-03 * Maximum Ratings are those values beyond which damage to the device may occur.
A3 8 ! Functional operation should be restricted to the R ded Operating Conditi
53 10 Y3 + Derating — Plastic DIP: — 10 mW/°C from 65° to 125° C
14 ’ Ceramic DIP: — 10 mW/°C from 100° to 125° C
12 TSSOP PACKAGE SOIC Package: — 7 mW/°C from 65° to 125° C
A4 :D)_u va 1 CASE 948G-01 TSSOP Package: - 6.1 mW/°C from 65° to 125° C
B4 = ORDERING INFORMATION
PIN 14 = Ve MC54HCXXAJ Ceramic RECOMMENDED OPERATING CONDITIONS
PIN7=GND MCTAHCXXAN Plastic Symbol Parameter in | Max | Unit
MC74HCXXADT TSSOP Vee | DC Supply Voltage (Referenced to GND) 2.0 6.0 v
Vin: Vour | DC Input Voltage, Output Voltage (R dtoGND)| 0 Vee v
FUNCTION TABLE T,  |Operating Temperature, All Package Types -55 +125 °C
t, ty |Input Rise and Fall Time Vee=20V 0 1000 ns
Inputs Output Vee=45V 0 500
A B Y Vee=60V | 0 400
L L H
L H H
H L H
H H L
DC CHARACTERISTICS (Voltages Referenced to GND;’ MC54/74HCO0A
Vee G Limit
Symbol E: Condition V |-55t025°C| <85°C <125°C | Unit
Vi \Minimum High-Level Input Voltage [}V, =0.1V or Voc - 0.1V 20 1.50 1.50 1.50 v
SN [Tyl <20uA 30 2.10 210 | 210
45 315 3.15 315
6.0 4.20 4.20 4.20
Vi | Maximum Low-Level Input Voltage | Vou =0.1V or Voe - 0.1V 20 0.50 0.50 0.50 v
— m— | Iy £20uA 30 0.90 0.90 0.90
45 135 135 1.35
6.0 1.80 1.80 1.80
Vou | Minimum High-Level Output Voltage | Vj, = Vyy or Vi 20 1.9 19 19 v
[T €20uA 45 44 44 44
- 6.0 59 59 59
Vie=VmorVi |l £24mA | 30 248 234 | 220
[low| €4.0mA | 45 398 3.84 3.70
Ll €52mA | 6.0 5.48 534 | 520
VoL | Maximum Low-Level Output Voltage | V;, = Vyy or Vi 20 0.1 0.1 0.1 v
—_— ———— ||| < 20uA 45 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Via=ViorVy |l €24mA | 3.0 026 033 [ 040
[l €4.0mA | 45 0.26 033 | 040
[Tl <52mA | 60| 026 033 | 040
I, | Maximum Input Leakage Current Via = Ve or GND 6.0 40.1 +1.0 +1.0 | pA
Icc | Maximum Quiescent Supply Via = Vec or GND 6.0 Lo 10 40 HA
~~ Current (per Package) Tow = 0pA P
AC CHARACTERISTICS (Cy = 50 pF, Input t, = t; = 6 ns) /9/3 0 hs)
Vee Aarantedd-Limit—
Symbol )" —_ Parameter N v |-ss5t25°d/|  <8s°c <125°C | Unit
tpLy, \| Maximum Propagation Delay, Input A or B to()uiy 75 95 110 ‘3
TN 1 3Ao) 40 55
— N 4. 1 19 22
6.0 13 16 19
typy. | Maximum Output Transition Time, Any Output 20 75 95 110 ns
trHL 30 27 32 36
45 15 19 22
7\ 6.0 13 16 19
’( Cin #aximum Input Capacitance } 10 10 pF
———

—— N

A

| Cpp || Power Dissipation Capacitance (Per Buffer) )

[ Typical @ 25°C, V=50V, Vgg =0V |

22

lpFl

\ —

—

FIGURE 3-65 CMOS logic. Partial data sheet for a 54/74HCO0A quad 2-input NAND
gate. The 54 prefix indicates military grade and the 74 prefix indicates commercial grade.
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The typical dc supply voltage for CMOS logic is either 5V, 3.3V, 2.5V, or 1.8V, depend- ing on the category.
An advantage of CMOS is that the supply voltages can vary over a wider range than for bipolar logic. The 5V
CMOS can tolerate supply variations from 2 V to 6 V and still operate properly although propagation delay
time and power dissipation are significantly affected. The 3.3 V CMOS can operate with supply voltages from
2V to 3.6 V. The typical dc supply voltage for bipolar logic is 5.0 V with a minimum of 4.5V and a maximum
of 5.5 V.

Power Dissipatio —,
WA
oH =38V
“m—
The HC family, for example, has a power of 2.75 mW/gate at 0 Hz (quiescent) and 6 mW/gatT/ai 1
. IL‘-"( //
Input and Output Logic Levels ~— y /
0

VIL is the LOW level input voltage for a logic gate, and VIH is the HIGH level input volt- age. The 5V CMOS

accepts a maximum voltage of 1.5V as VIL and a minimum voltage of 3.5V as VIH. Bipolar logic acceptSa
F/\

maximum voltage of 0.8 V as VIL and a minimum voltage of 2 V as VIH.

VOL is the LOW level output voltage and VOH is the HIGH level output voltage. For 5V CMOS, the maximum
VOL is 0.33 V and the minimum VOH is 4.4 V. For bipolar logic, the maximum VOL is 0.4 V and the minimum
VOH is 2.4 V. All values depend on operating conditions as specified on the data sh

YV
Speed-Power Product (SPP) y %“ t¢

Yzt
This parameter (speed-power product) can be used as a measure of the perfo Jrnce T ostes
taking into account the propagation delay time and the power dissipation. ”

A certain gate has a propagation delay of 5 ns and Iccy = 1 mA and Iocp, = 2.5 mA
with a dc supply voltage of 5 V. Determine the speed-power product.

EXAMPLE 3-24

Solution
1, + 1 1 mA + 2.5mA
Py = Vcc< cCH : CCL) = 5V< 5 ) = 5V(1.75mA) = 8.75 mW
SPP = (5ns) (8.75 mW) = 43.75pJ

%and Lc_gading )

. Ior, 8.0 mA @
Unit loads = =
b foads IIL 0.4 mA
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FIGURE 3-68 The LS family NAND gate output fans out to a maximum of 20 LS family
gate inputs.
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Troubleshooting \\\ - ﬁ

Open input

-
/Open input _(/ % U

(a) Application of pulses to the open input will produce no pulses (b) Application of pulses to the good input will produce output pulses for
on the output.

bipolar NAND and AND gates because an open input typically acts as a
HIGH. It is uncertain for CMOS.

FIGURE 3-69 The effect of an open input on a NAND gate.



Square wave
from function
generator

Square wave
from function
generator

(a) Pin 13 input and pin 11 output OK (b) Pin 12 input is open.

FIGURE 3-70 Troubleshooting a NAND gate for an open input.

Square wave
from function
generator

Square wave
from function
generator

(a) Pulse input on pin 11. No pulse output. (b) Pulse input on pin 12. No pulse output.
FIGURE 3-71 Troubleshooting a NOR gate for an open output.
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Input signal \

Enable input

(a) The counter is working properly.
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Reset pulse
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Input signal \

Enable input

(b) The counter is not measuring a frequency.

FIGURE 3-73
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