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sent a detailed discussion of transmission lines, but we
will discuss some of the more popular termination tech-
niques that lend themselves well to high-drive devices.
Those interested in studying transmission lines in more
detail are encouraged to check out the references atthe
end of this application note.

Terminating Totem-Pole Outputs

The most effective termination is a resistor at the load
end of the signal line that is equal to the line impedance

(Figure 2a). Because the input impedance of all PLDs is
greater than 10 kQ, this is effectively an exact match.

Because parallel termination increases the DC load, the
output will be degraded for both Vor and Vor. The WV
curves for the device (Figure 3) can be used with a load
line to determine the degraded output levels. The
dashed lines indicate simple termination to Vcc or
ground.

Z Ry
. %Fﬁ
a)

b)

_ELJ_NVV—_ovBhs

Ry Rmh= R1HRz

= Voo 2
‘VTh Veemism;

\ RYYLY Y b
[ - S S S

e)

16677A-2

Figure 2. Termination Alternatives: a) Parallel b) Active; c¢) Thévenln d) AC; e) Multiple Drivers

VoH (Volts)

100,

Vou (Volts)

16677A-3

Figure 3. Terminating Load Lines: a) HIGH Output; b) LOW Output
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If the degraded output is outside acceptable limits, the
terminating resistor can be referenced to a separate
power source (Figure 2b). The reference voltage is se-
lected so that output drive currents for both HIGH and
LOW levels are within the operating ranges of the de-
vice. The solid load lines in Figure 3 show the output
degradation when R is referenced to 3.0 V. Note that
the voltage source must also be chosen to be able to
change between sourcing and sinking current at the fast
switching speeds of the PALCE16V8HD.

If a reference power supply is not a viable option, it may
be replaced with its Thévenin equivalent (Figure 2c).
The resistors are chosen so that the parallel combina-
tion of R1 and Rz is equal to Rt and Vo is equal VRer
when the line is open. The loading effect of a 3-V
Thévenin equivalent bias is also indicated by the solid
load lines in Figure 3.

Another option is to place a capacitor in series with Rt
(Figure 2d). Because the capacitoris a DC open, the ter-
mination presents a load equal to Zo at the edges of the
signal, where termination is needed. At other times the
termination presents a negligible load.

If multiple drivers are used on the same signal line, both
ends of the line should be terminated as in Figure 2e. Al-
though the AC load is Rr, the DC load is the parallel
combination of the loads at both ends of the line. This
effectively doubles the DC load. This should be taken
into consideration when selecting R1 and Ra.

Anothertechnique that reduces DC loading s series ter-
mination. Here a resistor is placed in series with the
driver and the signal line (Figure 4). Rt is chosen so that
it increase the value of the output impedance to match
Zo. The advantage of this technique is that it does not
add any load to the output driver. The disadvantage is
that the device has different output impedances for
HIGH and LOW output; therefore it is impossible to ex-
actly match the device to the signal line for both HIGH
and LOW transitions.

Rsource RT

Driver ‘j

Z

16677A-4
Figure 4. Series Termination

The output impedances are shown in Figure 5. Note that
the output impedance is 2.5 Q for a LOW output and
50 Q for a HIGH output. When using series termination,

a compromise value is required for Rr. The value de-

pends on the Zo and the amount of ringing the system
cantolerate. Because there willalways be some ringing,
this configuration should be avoided for noise-sensitive
signals.

VoH (Volts)

-+

100 +
80 1+

60 +

loL (mA)

i A=250
w04 0 AL g

20 4+

50 100 150 200 250 300
-100 = Vo (mV)
a) ‘ b)
: 16677A-5
Figure 5. Output Impedances: a) HIGH Output; b) LOW Output
5-141
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Terminating Open-Drain Outputs

The open-drain configuration is simply a single pull-
down transistor with the drain connected to the output.
The transistor turns on and off very fast. When the tran-
sistor turns on, it provides a low impedance for the load
capacitance to discharge into. Therefore, the falltime (tr)
of the output is short, in the range of 2 ns to 3 ns. When
the transistor turns off an extremely high impedance is
presented to the load. The only discharge path is that
provided by the load and any external termination.

Therefore, the rise time (tr) depends on the RC-time
constant formed by the line capacitance and the termi-
nating resistance. :

The recommended termination scheme is shown in Fig-
ure 6a. The value of Rt should be equal to the imped-
ance of the line. This is different from the usual resistor
pair termination because the terminator itself must pro-
vide the logic HIGH level. Rt is placed at the load end of
the line.

Vce

Rt

a)

Rt
VBias

Vee Vce
Rt : Rt
b)
Rt
VBias
16677A-6

Figure 6. Termination for Open-Collector Outputs:
a) Single Driver; b) Multiple Drivers; c¢) Alternative if Load Exceeds loL

If multiple drivers are used, terminating resistors should
be placed at both ends of the signal line as in Figure 6b.
The DC load is the parallel combination of the loads at
both ends of the signal line, effectively doubling the DC
load.

The DC current load can be reduced by connecting the
terminating resistors to a bias voltage that is less than
Vcc as in Figure 6¢. Because the PAL device provides
no pullup in the open-collector configuration, Veias is
Von; therefore Veias must be high enough to ensure a
valid logic HIGH to all the device inputs on the signal
line.

Hysteresis

Buses tend to operate in a noisy environment. Voltage
spikes from crosstalk can be expected on almost every

signal line. In addition, series-terminated signals can
hover at a mid-range until reflections cause themto set-
tle to their final value. The mid-range is usually danger-
ously close to the input thresholds of most devices.

One technique that increases the devices tolerance to
noise is hysteresis. Hysteresis moves the input thresh-
old in the direction that requires a larger signal. For ex-'
ample, when the input signal crosses the thresholdon a
positive transition, the threshold moves lower (Figure 7).
The input signal would have to move lower to cross the
new threshold. Therefore, even a noisy signal will cause
a single crossing per transition, not the multiple cross-
ings that might occur without hysteresis.

5-142
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Input Signal

\Multiple

Threshold
Crossings

Threshold

a)

Single
Threshold .
Crossing

Input Signal

Threshold

b)

16677A-7

Figure 7. Response to Noisy Inputs:
a) Device with no Input Hysteresis; b) Device with Input Hysteresis

‘The PALCE16V8HD comes with a minimum of 200 mV
hysteresis. Therefore, if the noise occurs whenthe input
signal levelis at the exact middie of the threshold range,
the device can tolerate 200 mV peak-to-peak of noise
before detecting multiple transitions.

Ground Bounce

An issue that is associated with high-current CMOS is
ground bounce. This phenomenon is usually first no-
ticed as a pulse or ringing on a LOW output. If these
pulses are large enough they can generate false clock-
ing or false data. The design of the PALCE16V8HD
takes ground bounce into consideration so that it is
minimized.

The PALCE16V8HD has two features which make it re-
sistant to ground bounce: multiple ground pins and slew
rate limiting. The multiple ground pins share the switch-

ing current. Because there is less current in any one
ground pin, there is less energy available to generate
ground bounce. Siew rate limiting reduces the current
surge in the ground pin. Together these features keep
ground bounce down to a tolerable level.

The following table shows ground-bounce data meas-
uredunderworst-case conditions: all eight macrocells in
the registered configuration and seven outputs switch-
ing simultaneously. The measured pin is in the LOW
state during the test. The test was performed with the
following AC testload: 80 Qto Vcc, 160 Qto ground, and
50 pF to ground.

Note that the maximum transient Vor is 1.3 V, which
shows that ground bounce on the PALCE16V8HD is
equal to, or better than, ground bounce on devices with
only 24-mA drive current capability.

Designing with the PALCE16V8HD
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Ground Bounce Peak Voltage with
Seven Outputs Switching

LOW Pin # Peak Voltage

23 1.2V
22
20
19
16
15
14
13

- e e

Dwwhvaso
<< << <L <

Power Supply Considerations

There are two special situations which should be con-
sidered for devices used in bus applications: power
down with live signals and “hot-socketing.” Disabling
Vcce of certain sections of a system is a common tech-
nique for power conservation. The devices on the dis-
abled board should be able to tolerate live signals onthe
input and I/O pins while power is down. “Hot-socketing,”
the technique of inserting or rémoving boards while
power is applied, is never recommended; however, al-
most every system is subjected to it at one time or an-
other. The PALCE16V8HD can withstand the stresses
brought about by power shutdown and hot socketing.

During power shutdown, Vcc is either open or shorted to
ground. The PALCE16V8HD has n-channel pull-up

transistors, which will not conduct or cause latchup
when the output signal is higher than Vcc.

" Hot socketing has two manifestations that concern us

here: signal and ground connected before Vcc, or signal

“and Vcc connected before ground. If ground and signal

lines are connected to the device before Vcce is, the ef-
fect on the device is similar to that presented by the
power-down situation; the device inputs and outputs do
not conduct current.

When the ground pin is open with Vcc and the inputs or
outputs connected, the pull-up transistors conduct. This
is because a solid ground is necessary to establish the
proper bias voltages to allow the output transistors to
turn off. If ground is floating the output transistors are bi-
ased on.

Figure 8a shows the I/V curves on an I/0 pin with Vcc on
and ground open. The driver startsto conductat4 Vand
crosses 0 V at —110 mA. It is interesting to note that
there is also conduction at the input pins (Figure 8b).
The ESD structure is a totem-pole configuration resem-
bling an output driver; therefore, the ESD-protection
transistor also conducts when ground floats.

If the ground is disconnected for only a second or two,
the device will not be damaged.

Vijo Volts V| Volts
0 1 2 3 4 5 6 0 1 2 3 4 5 6
] t t t t t i 0 t 1 } } } ]
20 + 20 +
40 + 40 +
<
<
EQ 60 + E 60 4
80 4+ 80 4
100 / 100 +
120 L 120 L
a) b)
16677A-8
Figure 8. I’'V Curves when Ground is Disconnected: a) I/O Pin; b) Input
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SUMMARY

The PALCE16V8HD incorporates a number of features
which make it ideal for applications involving high-cur-
rent signal lines such as bus control lines.

There are input latches on every input and I/O pin.
The latches allow the earlier capture of data, which
effectively shortens the cycle time in many applica-
tions. The use of the latch does not add any extra de-

. lay. Thus the PALCE16V8HD is faster than the PLD

device and external latch combination.

The PALCE16V8HD macrocell can be programmed
as either D-type or T-type flip-flops. The T-type flip-
flops can reduce product-term usage in many appli-
cations. Larger counters and state-machines can
often be built with T-type flip-flops than with D-type
flip-flops.

The output drivers generate fast signals (2-nsto 3-ns
rise and fall times). At these edge rates transmission
line terminating procedures should be used.

The drivers can be individually programmed as
either totem-pole or open drain. For open-drain out-
puts, the terminating voltage determines Vou.

All input pins have a minimum of 200 mV hysteresis.
This allows the PALCE16V8HD to operate more
robustly in noisy environments such as buses.

The PALCE16V8HD incorporates slew-rate limiting
and multiple grounds. This reduces ground bounce
to levels more common in low-power devices.

The PALCE16V8HD has n-channel pullup transis-
tors. Therefore, it is resistant to latchup caused by
signals on input and /O pins while Vcc is off, or by
hot-socketing.

Designing with the PALCE16V8HD
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Advanced
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Devices

INTRODUCTION

Throughout this data book and design guide we have
assumed that you have a good working knowledge of
logic. Unfortunately, there always comes a time when
you are called on to remember something which can
only be found in that logic textbook which you threw
away years ago.

This section is intended to provide a quick review and
reference of the basic principles of digital logic. We will
cover three general areas:

M Basic logic elements
B Basic storage elements
A Binary numbers

Throughout the text, we will use the notation that was
used throughout this book. If you are unfamiliar with the
syntax, you will probably find it easy to understand as
you read; if you wish for a more detailed explanation of
the symbols, please refer to the Basic Design with PLDs
section where they are defined.

As this is a logic reference only, we cannot take on
lengthy discussions, nor can we train you in the basic
principles of digital logic if you have not previously been
trained. In such a case, we must refer you to your
favorite logic textbook.

BASIC LOGIC ELEMENTS

Inthis section, we will discuss the concepts surrounding
combinatorial logic functions.

The Three Basic Gates

There are three basic logic gates from which all other
combinatorial logic functions can be generated. These
functions are NOT, AND, and OR. A truth table indicat-
ing these functions is shown in Table 1. Since they can
be used to generate any function, they are said to be
functionally complete.

Table 1. Truth Table for the NOT, AND, and OR

Functions
A B /A A'B A+B
0 0 1 0 0
0 1 1 0 1
1 0 0 0 1
1 1 0 1 1

The standard schematic symbols used to represent
these gates are shown in Figure 1.

NOT

AND

OR

0T

10173D-

Figure 1. Schematics Symbols for the Three
Fundamental Gates

The AND and NOT functions can be combined into the
NAND function. This is equivalent to an AND gate fol-
lowed by an inverter, as shown in Figure 2a. Likewise,
the OR and NOT gates can be combined into the NOR
function, as shown in Figure 2b. Each of these gates is
functionally complete; any logic function can be ex-
pressed solely as a function of NAND or NOR gates.

D> -

a. The NAND Function

="

b. The NOR Function

10173D-

Figure 2. The NAND and NOR Functions

Precedence of Operators

Logic functions may be created with any combination of
the three basic functions. How those functions are ex-
pressed affects the evaluation -of the function. The
normal order of evaluation is:

NOT, AND, OR

Evaluation proceeds in order from left to right.

6-3
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This order may be altered by inserting parentheses in
the function. The contents of the parentheses will al-
ways be evaluated before the rest of the expression,
from left to right.

Some example functions are evaluated in Table 2.

Table 2. Using Parentheses to Change the Order of Evaluation

A*B+/A* A*B+/A* A*(B+/A)* A*(B+/A)*
A B c D C+D (C+D) C+D (C+D)
0 0 0 0 0 0 0 0
0 1 1 0 1 1 0 0
1 0 0 1 1 0 1 0
1 1 1 1 1 1 1 1
Commutative, Associative, and Duality

Distributive Laws

The AND and OR functions are commutative and asso-
ciative. This means that the operands can appear in any
order without affecting the evaluation of the function.
This is illustrated in Tables 3 and 4.

Table 3. Commutativity

A B A*B B*A A+B B+A
0 0 0 0 0 0
0 1 0 0 1 1
1 0 0 0 -1 1
1 1 1 1 1 1
Table 4. Associativity
A | B | c | (A*B)*C| A(B*C) | (A+B)}+C| A+(B+C)
olo]o 0 0
0 1 1 0 o] 1 1
110 1 0 0 1 1
1 1 1 1 1 1 1

There are actually two distributive laws; one of them re-
sembles standard algebra more than the other. These
two laws state that:

A% (B+C) =
A+(B*C) =

(A*B) +
(A+B) *

(A*C)
(A+C)

The two distributive laws give an example of the concépt
of duality. This principle states that:

Any identity will also be true if the following substitutions
are made:

* for +
+for*
1for0
0 for 1

Thus, itis only necessary to prove the first of the distribu-
tive laws; the second one will then be true by duality.
Note that duality is not required to prove the second law;
it can also be proven by truth table or by logic
manipulation.

Manipulating Logic

Logic functions may be manipulated by the use of
Boolean algebra. The logic functions may be expressed
in one of the two canonical forms, or by using a simpli-
fied expression.

Logic Reference Guide
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Canonical Forms

There are two fundamental canonical forms: sum-of-
minterms and product-of-maxterms. The formeris by far
the most widespread. These are special cases of what
are more generally referred to as sum-of-products and
product-of-sums forms. Minterms and maxterms are
products and sums of the variables involved in a func-
tion. Each particular combination of noninverted and
inverted variables in aproduct or sumis given a minterm

or maxterm number, as shown in Table 5. Within each
minterm or maxterm, the individual variables are re-
ferred to as literals. ’

For the case of sum-of-minterms form, the expression
for a function may be found by ORing the minterms
which correspond to the 1's in the function’s truth table.
Likewise, the product-of-maxterms expression may be
found by ANDing the maxterms which correspond to the
0's in the truth table. This is illustrated in Figure 3.

Table 5. Minterms and Maxterms

Table of Minterms for Three

Varlables
Minterm Name
X'tz mo
X'z m1
x*y*lz m2
Ix'y*'z m3
x*ly*fz m4
X*ly*z m5
x*y*/z m6
X'y'z m7

Conversion Between Canonical Forms

Itis a simple matter to convert between canonical forms.
Given a truth table for a function F, there are four differ-
ent representations that can be used:

B Sum-of-minterms form of F
B Product-of-maxterms form of F
B Sum-of-minterms form of /F

B Product-of-maxterms form of /F

Table of Maxterms for Three

Variables
Maxterm Name
X+y+2 Mo
X+Yy+/z M1
X+y+2z M2
X+/y + /2 M3
X+Yy+2 M4
X+y+/z M5
X+l +2z Mé

X+/ly+/z M7

One can convert back and forth between these repre-
sentations by using the rules shown in Table 6.

Logic Reference Guide < 6-5
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Minterm/
Maxterm
Number

-4 400000000 |P>

OO+ —4s2000O0|@

~oco=—=0o0—==00|0

O=0—-+0—-0-+-0=0]0

1

O=3 a2 O0O=02=0=|X
[« Y, I o R e e S 4
CQEONOUAWN=O

0 0 15

a. Truth Table

X = m0+m2+m3+m5+m7+m8+m9
= Zm (0121315171819)
=/An */B */C * /D ;m0
+ /A *x/B * C * /D ;m2
+ /A */B * C* D ;m3
+ /A *B *x/C* D ;m5
+ /A * B * C* D ;a7
+ A */B */C*/D ;m8
+ A */B */C* D ;m9
Y = mO+ml+m2+m3+m4+m7+m8+m9
= Em (011121374171819)
= /A */B */C * /D ;m0
+ /A */B */C* D ;ml
+ /A */B * C * /D ;m2
+ /A */B * C* D ;m3
+/A *xB */C*/D ;mé4
+/A * B *x C* D ;7
+ A */B * /C * /D ;m8
+ A */B * /C* D ;m9

b. The Sum-of-Minterms Expression

X

= M1*M4*M6*M10*M11*M12%M13*M14*M15
M (1,4,6,10,11,12,13,14,15)

=(A+B+C+/D)

* (A+/B+C+D)

* (A+/B+/C+D)

* (/A+B+/C+D)

* (/A+B+/C+/D)
* (/A+/B+C+D)

* (/A+/B+C+/D)
* (/A+/B+/C+D)
* (/A+/B+/C+/D)

=(A+/B+C+/D)
* (A+/B+/C+D)
*(/A+B+/C+D)
* (/A+B+/C+/D)
* (/A+/B+C+D)
*(/A+/B+C+/D)
*(/A+/B+/C+D)
* (/A+/B+/C+/D)

;M1
M4
M6
;M10
;M11
;M12
;M13
;M14
;M15

MS5*M6*M10*M11*M12*M13*M14*M15
I (5,6,10,11,12,13,14,15)

;M5

M6

;M10
;M11
;M12
;M13
;M14
;M15

c. The Product-of-Maxterms Expression

Figure 3. Finding the Canonical Form from the Truth Table

Logic Reference Guide
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Table 6. Conversion

of Forms Table

Desired Form
Given Form Minterm Maxterm Inverted Minterm Inverted Maxterm
Expansion of F Expansion of F Expansion of F Expansion of F
Minterm - Maxterm numbers List Minterms not Maxterm numbers
expansion are those numbers present in F are the same as
of F not in the Minterm Minterm numbers
list of F of F

Maxterm Minterm numbers - Minterm numbers
expansion are those numbers are the same as List Maxterms not
of F not on the Maxterm Maxterm numbers presentin F

list of F of F

Simplifying Logic

Canonical forms are convenient in that it is easy to de-
rive and convert them. However, the representation is
bulky, since all variables must appear in each sum or
product. These expressions can be simplified by apply-
ing the basic laws and theorems of Boolean algebra.

There are four basic postulates, two of which are the
commutative and distributive laws which were dis-
cussed above. From these postulates, it is possible to
derive nine basic theorems. The postulates and theo-
rems are listed in Table 7.

Table 7. Postulates and Theorems of Boolean Algebra

Postulate 1 (A) X + FALSE = X
(B) X*TRUE = X
Postulate 2 (A) X + /X = TRUE
) (B) X * /X = FALSE
Postulate 3 (A) X+Y = Y+ X
(B) X*Y = Y*X
Postulate 4 (a) X * (Y + 2) = (X*Y) + (X*2)
(B) X 4+ (Y*2) = (X + Y) * (X + X)
Theorem 1 (A) X + X =X
(B X * X=X
Theorem 2 (a) X + TRUE = FALSE
(B) X*FALSE = FALSE
Theorem 3 /X)) =X
Theorem 4 () X+ (Y +2) = (X+Y) +2
(B) X * (Y*Z) = (X*Y) * Z
Theorem 5 (B) / (X + YY) = /X * /Y
(B) /(X *Y)y = /X + /Y
Theorem 6 (A) X+ (X *Y) =X
(B) X *x (X +Y) =X
Theorem 7 (A) (X*Y) + (X*/Y) =X
(B) (X +Y) * (X + /Y) =X
Theorem 8 (A) X + (/X*Y) =X + Y
(B) X * (/X + Y) X*Y
Theorem 9 (a) (X*Y) + (/X*Z) + (Y*Z) = (X*Y) + (/X*Z)
(B) (X +Y) * (/X + 2) * (Y +2) = (X+ Y)Y*(/X + 2Z)

Notice that eachtheorem and postulate (with the excep-
tion of theorem 3) has two forms. This is a result of the
duality principle; once one form of a theorem is estab-
lished, the dual representation follows immediately.
Theorem 3 has no dual because it does not involve any
of the elements that have duals (+, *, 1, or 0).

As the logic expression is simplified, it no longer con-
tains minterms (or maxterms), since some of the
minterms and literals are being eliminated. What was a
sum-of-minterms (product of maxterms) representation
is now simplified to a sum-of-products (product of
sums).

Logic Referen
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DeMorgan’s Theorem

Once an expression has been simplified, it is no longer
possibleto invert the function by using Table 6. Inverting
simplified logic requires DeMorgan’s theorem:

/(X*Y) = /X + /Y
/(X + YY) = /X*/Y

This is theorem 5 in Table 7.

There is one shortcut which can be used. The effect of
inversion can be accomplished by inverting all literals
and then using the dual representation. For example,
given the expression

/(A*/B + A*C + /A*B*D)

we can invert to obtain:

/A*B + /A*/C + A*/B*/D ;step one,
invert
literals

(/A + B)*(/A + /C)* ;step two,

(a + /B + /D) take dual

This expression must still be simplified to obtain a sum-
of-products representation, but this shortcut eliminates
- some of the early steps.

Karnaugh Maps: Minimizing Logic
Simplifying by hand by using algebraic manipulation can
be a tedious and error-prone procedure. When only a
few variables are used (generally less than 5 or 6),
Karnaugh maps (also called K-maps) provide a simpler
graphicalmeans of simplifying logic. K-maps not only al-
low for logic simplification, but for logic minimization,
where an expression has a minimal number of product
terms (or sum terms) and literals.

AKarnaugh map consists of a box which has one cell for
each minterm. These cells are arranged so thatonly one
literal is inverted when moving from one cell to an adja-
cent cell. The headings placed by each row and column
indicate the polarities of the literals for that row or col-
umn. The literals themselves are indicated in the top left
corner of the map. An examnle of a Karnaugh map for
three variables is shown in Figure 4.

{ Values of A

( Values of B
e

Moving to an

N8 oo o1 11 Adjacent Cell

‘ Changes the

Value of one

Variable only.

ho *

1> )

Values of C

Groups Can
Wrap Around

10173D-

Figure 4. A Karnaugh Map for Three Variables

The truth table for a function is then transferred to the
K-map by placingthe 1's and 0's inthe appropriate cells.

Since each cell differs from its neighbor only inthe polar-
ity of one of the literals, 1's in adjacent cells can be
combined by theorem 7a, which says that

x*y + x*/y = x

In this manner, two product terms are combined into
one. This procedure can conceptually be repeatedto al-
low groupings of two, four, eight, or any group of
adjacent cells whose size is a power of two. A cell may
appear in more than one group. Just enough groups are
found to include all of the 1's. The groups should be as
large as possible.

This process provides a minimal sum of products. The
product-of-sums form can be obtained by grouping 0's
instead of 1’s and inverting the header for each cell.

The two functions from Figure 3 have been placed into
K-maps in Figure 5. The groups are then used as indi-
vidual product terms. When reading the product terms
from the map, the only literals which will appear in the
product term are the ones whose values are constant for
each cell in the group. If that value is 1, then the non-
inverted form of the literal is used. If the value is 0, then
the inverted form of the literal is used.

For active-LOW functions, the same procedure is used,
except that the 0’s are grouped instead of the 1's. The
active-LOW version of the functions from Figure 3 are
derived in Figure 6.

Hand simplification and minimization is not needed as
frequently today as in the past, since software is now
available for handling these logic manipulations. Most
software can perform logic simplification and minimiza-
tion automatically.
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Figure 6. Finding Inverse Functions
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Comparison and Equivalence: the XOR
and XNOR Gates

The Exclusive-OR (XOR) and Exclusive-NOR (XNOR)
gates are two special gates which are relatively com-
mon. These gates have schematic symbols as shownin
Figure 7a. They are actually compound gates, and can
be generated by AND, OR, and NOT gates using the
functions:

X :+: y
X %y

x*/y + [x*y
X*y + /x*/y

;XOR gate
; XNOR gate

The XOR and XNOR functions are actually inverses of
each other; that is,

X i+ y = /(x % y)

The truth tables for these gates are shown in Figure 7b.
Note thatthe XOR function is true if and only if the oper-
ands are different. For this reason, it is useful as a
comparator. The XNOR function is true if and only if its
operands are the same; therefore it is used as an
" equivalence indicator.

jD— XOR
:jD)—— XNOR

10173D-
a. Schematic Symbols
A B A:+:B A:*:B
0 ] 0 1
0 1 1 0
1 ] 1 0
1 1 0 1

b. XOR and XNOR Truth Table

Figure 7. The Exclusive-OR and Exclusive-NOR
Functions

Some basic properties of the XOR and XNOR functions
are listed in Table 8.

Table 8. Properties of the XOR and XNOR Functions

XOR XNOR
X:+:0=x x:*0=/x
X+ 1=/x X:*:11=x
X+:x=0 x:*ix=0
X+ /x=1 X:*i/x=1
X+ y=Yyi+X x*y=y"x
XiHly=1+Z=(X+Yy) i+ Z xmytz =(x’"ry) " 2z)
=X+ (Y +:2) =xr(y:":2)
Xi+iy=/X+: ly xMy=/ix’"ly
1(x +1y) =/X+y I{x*y) =My
=X+ ly =x"ly
=X+ Y =X+ Yy
Xy =x'ly +/x'y X'y =x"y+/x'y
X+ x'y=x'y xx'y=/x+y
X+ X'Yy=X+Yy XXy =/X"ly
Xt (y 41 2) = (XUy) -+ (X2 Xx+{yz)=(x+y) " (x+2)
XMy +:2) = (X +Y) i+ (X+2) X+ (Y z) = (x'y) 1 (X'2)

When deriving equations from a Karnaugh map, XOR
and XNOR functions can usually be identified by their
characteristic pattern. Exactly what the operands are
may or may not be obvious for more complicated func-
tions. Some examples are shown in Figure 8.

The XOR gate canbe used asan "UNLESS" operator. In
other words, the function, A = X +: Y can be
interpreted as:

“A will have the same value as X UNLESS Y is true.”

This canbe helpfulwhen trying to derive a logic equation
for a function which can be described in words.

6-10
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(P:»:Q)*S
P*/Q/1S

10173D-

Figure 8. Finding XOR and XNOR Functions in Karnaugh Maps

Basic Storage Elements

Storage elements provide circuits with the capability of
remembering past conditions or events. The prototypi-
cal storage element is just a pair of cross-coupled NAND
gates, as shown in Figure 9. These elements are nor-
mally called flip-flops.

10173D-

Figure 9. Basic Storage Element

In general, there are two primary classes of flip-flops:
B Unclocked flip-flops, or latches
B Clocked flip-flops

Clocked flip-flops are sometimes referred to as regis-
ters, although technically speaking, a register is a bank
of several flip-flops with a common clock signal.

Flip-flops can also be characterized by their control
scheme. There are four types of flip-flops, each of which
can be unclocked or clocked:

2 S-R
m JK
m D
g T

The discussion below will be divided between un-
clocked and clocked flip-flops. Each of the four flip-flop
types will be treated for each section.

Unclocked Flip-Flops—Latches

" S-RLatches

An S-R latch can be built out of NOR gates as shown in
Figure 10, and behaves according to the truth table in
Table 9. ‘'S’ stands for ‘set’ and ‘R’ stands for ‘reset,” as
suggested by the truth table.

Note that the latch actually has two outputs, which are
complementary. These are referred to as Q and Q. If
both S and R are raised at the same time, then both Q
and Q will be HIGH; although this is physically possible,
it does not make sense if Q and Q are to be complemen-
tary signals. Thus, this condition is not allowed.
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Figure 10. An S-R Latch

Table 9. S-R Latch Truth Table

S R Q+

0 0 Q

0 1 0

1 0 1

1 0 Not allowed

The transfer function for this latch can be derived with a
Karnaugh map, as shown in Figure 11. By choosing
either 1's or 0’s, we can obtain two representations:

a. Q+ = S+/R*Q
b. /Q+ = R+/S*/Q

s\ s\2

R 0 |1| R 0 1

ooow oo@ 1

o1| o 0 o1|f o 0]
\__/

——

11lx X 11x_x_J

~—

10 L1 1 101 1 1
i y

Q+ Q+

b. Q+ =R+ /8'/Q

10173D-

a.Q+=8S+/Mm'Q

Figure 11. Karnaugh Map for an S-R Latch

Waveforms illustrating the operation of the S-R latch are
shown in Figure 12.

There are some applications where itis desirable for the
input data to be effective only when another signal—
usually called a control signal—is active. The circuit of
Figure 10 can be modified to give an S-R latch with a
control input, as shown in Figure 13. The operation of
this circuit is summarized in Table 10 and Figure 14.

The S-R latch is somewhat restrictive, since both inputs
cannot be HIGH at the same time. The other latch types
are based on the S-R latch, but have additional logic
which removes the input restrictions.

10173D-
Figure 12. S-R Latch Behavior
Fr e —— )
| |
st s ofto —s o}—
o e
. . al—
Rad—1 )1 _slr+a 1F_°
e J
10173D-

Figure 13. Adding a Control Input to an S-R Latch

Table 10. Truth Table for an S-R Latch with a
Control Input

S R Cc Q+

X X 0 Q

0 o 1 Q

0 1 1 0

1 0 1 1

1 1 1 Not allowed
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Figure 14. Behavior of an S-R Latch with a Control Input

D-Type Latches (Transparent Latches)

A single-input latch can be formed by adding some logic
to the controlled S-R latch in Figure 13; this gives rise to
the D-type latch in Figure 15. This latch is often called a
transparent latch, since data on the input passes right
through to the output as long as the control input is
HIGH. If the control input is set LOW, then the latch
holds whatever data was present when the control went
LOW. With this type of latch, the control is usually called
a gate.

The behavior of the D-type latch is shown in Table 11
and Figure 16.

The basic transfer function for a D-type latch can be de-
rived from the Karnaugh map in Figure 17.

| ahent a
| |
D s Q : a p ol—
G c }
l —{>on s+ —e_9—
IL __________ .! 10173D-

Figure 15. A D-Type (Transparent) Latch

Table 11. Truth Table for a D-Type Latch

D G Q+
X 0 Q
0 1 0
1 1 1

10173D-
D I I L
n o
G
Q
10173D-

Figure 16. D-Type (Transparent) Latch Behavior

Q+ =D'G+Q'/G Q+=/D'G + /Q*/G

o\ NG
a\_ 0 |1| G |o| 1
Ap3io] IR (o)
o1{ o | o o1|(o 0)
11‘1 1) 11 1 1
1] o 1 10{l o 1
|1 |
Q+ Q+

a.Q+=D*G + D¥G b./Q+ =/D*G +/Q%G

10173D-

Figure 17. Karnaugh Maps for a D-Type Latch
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If realized exactly as the transfer function indicates, the
result is actually a glitchy circuit.

J-K Latches

Another two-input latch can be derived from the S-R
latch as shown in Figure 18. This is called a J-K latch,
and operates in the same manner as an S-R latch, ex-
cept that the condition where both inputs are HIGH is
now allowed. The truth table is shown in Table 12; the
waveforms are shown in Figure 19.

J s oo -
| 1 e
{— —

R_ap+a K Q@

10173D-

Figure 18. A J-K Latch

There are stillsome potential problems here forthe case
where J and K are both HIGH. If J and K are left HIGH for
too long, the output may change more than one time; if
left HIGH forever, the output will oscillate. Thus, Jand K
should not be asserted for a time longer than the propa-
gation delay of the latch. There are also potential race
conditions if J and K are not asserted and removed at
exactly the same time. If one of the inputs is raised
slightly ahead of the other, it may give the output time to
react, giving the wrong output once the second input is
raised. The same problem can occur if one input is low-
ered slightly before the other. This is illustrated in
Figure 20.

There are several ways to derive transfer functions for
J-K latches. Two can be derived directly from Karnaugh
maps, as shown in Figure 21; the others are not as obvi-
ous, and make use of the XOR gate described before.
The basic transfer functions are listed in Table 13.

Table 13. Transfer Functions for a J-K Latch

Q+ = J*'/Q Q+ = NJ'/IQ
o + /K'Q + K'Q
Table 12. Truth Table for a J-K Latch Q+r = Q Q+ = /Q
J K O+ o (J0/Q =+ (JQ
0 0 Q + K'Q) + K'Q)
? 1 0 Q+ = /Q Q+ = Q
1 ‘1’ é 4 (0Q 4 (0MQ
+ /K*Q) + /K*Q)
J )
K ) )
o S N\
10173D-

Figure 19. Behavior of a J-K Latch
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Figure 20. Hazards Inherent in a J-K Latch
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Figure 21. Karnaugh Maps for a J-K Latch

T-Type Latches

T-type latches are formed by connecting the J and K in-
puts of a J-K latch together to form a single input, as
shown in Figure 22. This latch has two possible func-
tions: hold the present state or invert the output, as
summarized in Table 14. ‘T' stands for ‘trigger’ or
‘toggle’ depending on who you talk to. That is, when T is
HIGH, a change at the output is triggered; or, put an-
other way, raising T causes the output to toggle.

Cl)l

X
ol
o]

10173D-

Figure 22. A T-Type Latch

Table 14. The Truth Table for a T-Type Latch

T Q+
0 ; Q
1 Q

This Latch also has the problem that if T is left HIGH for
too long, the output will oscillate. However, since there is
only one input, the race condition problems of the J-K
latch have been eliminated. Unfortunately, this comes at
the cost of initialization. There is now no way to get the
output into a fixed state without knowing what the
previous state was. Thus, this device is not very useful
without some kind of initialization circuit.

The general waveforms for a T-type latch are shown in
Figure 23.

Figure 23. Behav

teo OF Latch 10173D-

ior of a T-Type Latch
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From the Karnaugh map in Figure 24, we can generate
the following transfer functions:

Q+ = T*/Q /Q+ = T*Q
+ /T*Q + /T*/Q
Q+ ='Q:+:T /Q+ = /Q +: T
Q+ = /Q:+: /T /Q+ = Q :+: /T
T Q T Q
0 1 0 1

o°® o@1
1@0.11@

Q+ Q+
a.0+=T/Q+/TQ b./Q+ = T*Q + /T*/Q

10173D-

Figure 24. Karnaugh Maps for a T-Type Latch

Clocked Flip-Flops

Latches can be modified by adding a clock input. The
purpose of the clock is to delay any output changes until
the clock signal changes. Whereas latch control inputs
(such as the gate) are level-sensitive, clock inputs are
generally edge-sensitive (or edge-triggered), meaning
that output transitions can occur only when a clock tran-

sition is.detected. A device is classified as positive
edge-triggered or negative edge-triggered, depending
onwhether it responds to the rising or falling edge of the
clock signal, respectively. The behavior to a clocked
S-R flip-flop is illustrated in Figure 25.

The clock provides two basic advantages. It removes
the hazards inherent in the J-Kand T flip-flops, since all
inputs will have settled by the time the clock edge ar-
rives, and only one transition is possible for each clock
edge. The clock also allows the design of synchronous
systems, where all signals are coordinated with other
signals. The entire system is then regulated by the
clock.

The basic behavior of the four flip-flops types does not
change with the addition of a clock; the output changes
are merely made to wait for the clock edge. Thus, the ba-
sic transfer equations for most of the flip-flops are the
same. We can indicate the clocked nature of the flip-
flops by using the “registered” assignment “=' instead
of ‘="

D-Type Flip-Flops

This is the only flip-flop type whose basic transfer char-

acteristic changes, because the clock input replaces the
gate input. Thus the transfer equations become:

Q+:= D/Q+ := /D

Thatis, whatever data appearson the input will be trans-
ferred to the output after the next clock edge. The input
is not changed in any way.
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The simplicity of this flip-flop makes it the most widely
used flip-flop. However, functions are sometimes more
conveniently expressed using J-K flip-flops, or using
T-type flip-flops. If we replace the D signal with the
transfer function for one of the other flip-flop types, we
canthenemulate that flip-flop type inthe D-type flip-flop.
This is equivalent to taking a latch and placing a clocked
D-type flip-flop after the latch output for synchronization.
Figure 26 illustrates how each flip-flop can be emulated
in a D-type flip-flop. The standard schematic symbols for
the flip-flop types are also shown.

Table 15 summarizes the transfer functions for all of the
flip-flop types. These functions can directly be used to
emulate a particular flip-flop type in a D-type flip-flop.
This can be particularly useful since D-type flip-flops are
available in most registered PLDs.

o 5

NG

. )
ON

a \s

\(
<

10173D-

Figure 25. Behavior of a Clocked S-R Flip-Flop for Positive (Qp) and Negative
(Qn) Edge-Triggered S-R Flip-Flops
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d. Clocked S-R Flip-Flop

Figure 26. Clocked Flip-Flops. All can be Emulated with a D-Type Flip-Flop
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Table 15. Clocked Flip-Flop Transfer Functions

D-Type Q+ =D Q+ = /D
Q+ = J'Q Q+ = N'IQ
+ /KQ + KQ
Q+ = Q Q+ = 1Q
J-K-Type +: (JQ =+ (Q
+ K'Q) + K'Q)
Q+ = /Q Q+ = Q
“+: (MQ “+: (WQ
+ /K'Q) + /K'Q)
Q+ =T/Q Q+: = T/Q
+/T'Q + /M
T-Type Q+ = Q+T Q+ = M+ T
Q+ = Qe /T Q+ = Q+:/T
S-R-Type . ' Q+ = S Q+ = R
+ /R'Q + /S'Q

Binary Numbers

The concept of a number is taken for granted by most
people. And most people equate numbers in general
with the decimal system, with which we are most famil-
iar. However, there is nothing particularly special about
the decimal system; the choice of system is actually
rather arbitrary. History has chosen the decimal system
for most humans.

For electronic systems, the binary system is more ap-
propriate. It makes possible arithmetic and logical
calculations that would be much more difficult—likely
impractical—if implemented directly in a decimal sys-
tem. Closely related to the binary system are the octal
and hexadecimal systems, which will also be discussed
here. Arithmetic is normally perdformed using binary
numbers in a computer. Octal and hexadecimal repre-
sentations are generally used as a way to “abbreviate”
what might otherwise be lengthy binary numbers. This
will be seen when conversion is discussed below.

There are several terms which must be defined before
proceeding further. A number is an abstract entity
which is used to describe quantity. There are many
ways of representing a number. Normally, the represen-
tation is designed around a base. The number is
expressed as a sum of multiples of the powers of the
base. The decimal system is a base-10 system, mean-
ing that 10 is used as the base. The binary system is
base-2; the octal systemis base-8; and the hexadecimal
system is base-16. The binary, octal, and hexadecimal
systems are closely related because 8 and 16 are both
powers of 2. When different bases are being used, a
number will often be followed by its base in subscript, to
indicate exactly what the base is. For example, the

decimal number 25 would be written 251¢ if its base were
in doubt.

A number can thus be expressed in terms of some base
x as follows:

anx"+an-1x" 1+, . taixi+taox®+a-1x7i+. ..
+a-nX™ (1)

The numbers an...a-m are called digits. The value of
each digit can range from 0 to x-~1. Each digit is repre-
sented by a symbol, called a numeral. X numerals are
required to represent a number in base x. The most fa-
miliar numerais are the symbols ‘0, ‘1,"...'9." There are
ten of them, since they are used for the decimal system.
For binary numbers, only ‘0’ and ‘1’ are used; for octal
numbers, the numerals ‘0’ through ‘7’ are used. Hexa-
decimal numbers are more difficult, since sixteen
numerals are required. Therefore, the numerals ‘0’
through ‘9’ are used to represent the quantities 010
through 910; the letters A through F are used to repre-
sent the quantities 1010 through 15+0.

The number expressed by equation 1 is normally repre-
sented as a string of digits:

anan-1...4a1a0.4d-1...4a-m

The digits representing negative powers of the base are
separated from those representing non-negative pow-
ers by a point. In the decimal system, this is referred to
as a decimal point; in the binary system, it is referred to
as a binary point.

There are two basic classes of manipulation which will
be discussed: conversions between bases and arithme-
tic within a base. ‘
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Converting Between Bases
Base-2 <—> Base-10

Converting a binary number to a decimal number is
accomplished by using equation 1 directly.

Example:
Converting 110100.0112 to decimal:

Y = 110100.011

1025 + 1024+ 0023 + 16224 06214 06204 002" +
1 02'2+ 102'3

32+16+4 +.25 +.125

52.375

When converting whole numbers from decimal to bi-
nary, the decimal number is repeatedly divided by 2.
Integer division is used, so the quotients are “rounded
down" to the next integer. The remainders form the dig-
its of the number. The least significant digit is the first
one calculated.

ton

Example:

Converting 6110 to binary:

61/2 =30 remainder = 1 LSB
30/2 =15 remainder = 0
15/2=7 remainder = 1
7/12=3 remainder = 1
32=1 remainder = 1
1/2=0 remainder = 1 MSB

6110 =1111012

When converting a decimal fraction into a binary frac-
tion, the decimal number is multiplied by 2. This results
inawhole number and afraction. The whole numberis a
digit; the procedure is repeated on the new fraction. This
procedure is repeated until the fractional portion is zero.
If the procedure does not terminate, then the result is a
repeating fraction. The first digit calculated is the most
significant digit.

Example:
Converting .162510 to binary:

0.1625.2 = 0.3250
-~ 0.3250.2 = 0.65

whole portion = 0 mMSB
whole portion = 0

0.652=1.3 whole portion = 1
0.3.2=0.6 whole portion = 0
0.6:2=1.2 whole portion = 1
0.2:2 = 0.4 whole portion = 0
0.4¢2 =0.8 whole portion = 0
0.82=1.6 whole portion = 1
0.6:2=1.2 whole portion = 1

Here we see that the fraction will repeat, since we have
already multiplied 0.6 earlier. Thus

0.162510 = 0.00101001100110011....2

For mixed numbers, it is necessary to calculate the
whole and fractional portions separately. Thus, for ex-
ample, we know that

61.162510=111101.0010100110011...2

These are actually general procedures which can be
used to convert a decimal number into any base, and
vice versa.

Examples:
1. Converting 321.54s to decimal:

Y = 3682+ 2:8'+18%+ 5687+ 4482
192 + 16 + 1 + .625 + .0625
209.6875

321.54s = 209.687510
2. Converting 106.1037510 to octal:

106/8 = 13 remainder = 2 LSB
13/8 =1 remainder = 5
1/8=0 remainder = 1 ) MSB

Thus, the whole portion is 151s.
0.103758 =0.83 whole portion = 0 MSB

0.83+8 = 6.64 whole portion = 6
0.64¢8 =5.12 whole portion = 5
0.1248 = 0.96 whole portion = 0
0.96+8 = 7.68 whole portion = 7
0.68+8 = 5.44 whole portion = 5

Atthis point we have enough significant digits. We could
continue either untit the procedure terminated, or until
the pattern started repeating. However, those last digits
are not likely to be significant. Thus, we can approxi-
mate by saying that...

106.1037510=152.065075s
3. Converting 31F.A26 to decimal:

Y = 31F.A2

3e16%+ 1016" + 15016% 10167421672
768 + 16 + 15 + 0.625 + 0.0078125
799.6328125

31F.A216 = 799.632812510 ‘
4, Converting 7689.10085410 to hexadecimal:

e o

7689/16 = 480 remainder = 9 LSB
480/16 = 30 remainder = 0
30/16 =1 remainder = E
1/16=0 remainder = 1 . MSB
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Thus, the whole portion is 1EOS1s.

0.100854+16 = 1.613664 whole portion=1 MSB
0.613664+16 = 9.818624 whole portion =9
0.818624+16 = 13.097984 whole portion =D
0.097984.16 = 1.567744 whole portion = 1
0.567744+16 = 9.083904 whole portion =9
0.083904+16 = 1.342464 whole portion = 1

Again, we likely have enough digits at this point. The ex-
act fraction could be either very long or a long repeating
pattern. For our purposes, we can approximate the
overall result as:

7689.10085410 = 1E09.19D191+6
Binary <—> Octal, Hexadecimal

Converting between the binary-related systems is very
easy. The procedure consists of dividing the binary dig-
its into groups, and replacing each group with an
appropriate digit. For this reason, octal and hexadeci-
mal numbers are often used to shorten long binary
numbers.

To convertfrombinary to octal, group the digits by three,
starting on each side of the binary point, and then con-
vert each group of three digits into its corresponding
octal digit. Leading and trailing zeroes may have to be
added to the left of the whole portion and the right of the
fractional portion, respectively, to make complete
- groups of three binary digits.

Example: )
Converting 11011010110101.0010011012to octal:
Divide into groups of three digits:

011 011 010 110 101 . 001 001 101
3 3 2 6 5 . 1 1 5

Thus 11011010110101.0010011012 = 33265.115s

To convert from binary to hexadecimal, the digits are di-
vided into groups of four digits, and then given their
corresponding hexadecimal digits. Again, leading and/
or trailing zeroes may be needed.

Example:

Converting 100101011101100.1101100012 to hexa-
decimal:

Divide into groups of four digits:

0100 1010 1110 1100 11011000 1000
4 A E c . D 8 8

Thus 100101011101100.1101100012 = 4AEC.D881s

To convert from octal or hexadecimal to binary, merely
expand each digit into its corresponding binary
representation.

Examples:
1. Convert 7324.34s to binary:
7 3 2 4 . 3 4

111 011 010 100 011 100
Thus 7324.348 = 111011010100.01112
2. Convert 1A2.3F516 to binary:

1 A 2 .3 F 5
0001 1010 0010 0011 1111 0101

Thus 1A2.3F516= 110100010.0011111101012

Binary Arithmetic

Positive binary arithmetic is very simple, and completely
analogous to decimal arithmetic. However, if we are re-
stricted to positive numbers, thenwe are also restricted
to addition. We need a means of representing negative
numbers. Using a dash “—’is unacceptable for represen-
tation in a computer. There are two general schemes
which can be used. In binary systems, they are referred
to as 1s complement and 2s complement representa-
tion, although they can be generalized for any base
system as diminished-radix complement and radix com-
plement representation. ‘

One’s Complement Representation

The one’s complement of a binary number can be calcu-
lated by inverting all of the bits of the number. Fractions
are handled exactly the same way, aithough this is con-
venient only for fixed-point arithmetic. Floating-point
arithmetic requires other methods, which will not be dis-
cussed here.

Example:
Finding the one’s complement of 110114.0101:

110111.0101
001000.1010 (Inverting each bit)

Thus, the one’s complement of 110111.0101 is
001000.1010.

The sign of a number is determined by the most signifi-
cantbit. If the MSB is 0 the number is positive; if the MSB
is 1, thenthe number is negative. Zero is represented by
all bits being zero. However, one normally thinks of zero
as being its own complement. But if we take the one’s
complement of zero,

0000
1111

we see that 1111 is another representation of zero.
Thus, in an eight-bit representation, positive numbers
range from-00000001 to 01111111; negative numbers
range from 10000000 to 11111110. Note that there are
just as many negative numbers as positive numbers.
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This eight-bit code allows us to represent the numbers
from —127 to +127. ‘

When performing addition with one’s complement num-
bers, it is important to watch for overflow results.
Whenever an overflow occurs, a correction must be
made by adding 1 to the result.

In some cases, the results of an operation will not be
meaningful, since the intended result cannot be repre-
sented. ‘For instance, in the eight-bit system above,
adding 127 to 127 will give a meaningless result, since
254 cannot be represented in this system. Thus, the op-
eration must be evaluated to ensure that the result is
meaningful.

Examples:

All examples will use 4-bit systems. Thus, the range of
representable numbers is from -7 to +7.

Add 3 + 2:
" 0011 3
+ 0010 + 2
0101 5  result meaningful

Add 7 + 7 (14 cannot be represented):

0111 7
+ 0111 + 7
1110 -1 . result
meaningless
Subtract 3 from 7:
0111 7
+ 1100 "+ -3
10011 overflow —add 1,
+1 discard overflow
0100 4  bit
Subtract 5 from 2:
0010 2
+ 1010 + -5
1100 -3  result meaningful
Subtract 6 from -5 (—11 cannot be repreéented):
1010 -5
+ 1001 + -6
10011 overflow — add 1,

+1 discard overflow bit
0100 4 result meaningless

Subtract 5.25 from 3.5 (fixed point; requires 6 bits):

0011.10 3.5
+ 1010.10 + -5.25
1110.00 —1.75  result meaningful
Subtract 7 from 7:
0111 7
+ 1000 + -7
1111 0 oneofthe

representations of 0
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The advantage of one’s complement code is the fact
that it is easy to compute the complement. However, the
fact that there are two representations for zero is a prob-
lem. In addition, the results of subtraction frequently
have to be adjusted for overflow by adding 1.

Two’s Complement Representation
The two’s complement of a binary number is more diffi-
cult to calculate. It is generated by taking the one’s
complement, and then adding 1. Any overflow is dis-
carded. Fractions are again handled in the same way,
although 1 is added to the least significant bit.

Example:
Finding the two’s complement of 110111.0101:

110111.0101

001000.1010 (take one's
+1 complement)

001000.1011

Thus, the two’'s complement of 110111.0101 is
001000.1011.

The sign of a number is again determined by the most
significant bit. If the MSB is 0 the number is positive; if
the MSBis 1, thenthe numberis negative. Zero is repre-
sented by all bits being zero. In this case, if we take the
two’s complement of zero, we get:

0000
1111
1
.0000

* giving only one representation for zero.

(overflow is discarded)

Thus, in an eight-bit representation, positive numbers
range from 00000001 to 01111111; negative numbers
range from 10000000 to 11111111. This means that
there is one more negative number than there are posi-
tive numbers. So this eight-bit code allows us to
represent the numbers from —128 to +127.

Addition is handled in the same fashion as with one’s
complement code, except that when an overflow oc-
curs, the overflow bit is disregarded. No correction must
be made to the results.

After any operation, one must still make sure that the re-
sults are meaningful.

Examples:
Add 3 +2:
0011 3
+ 0010  + 2
0101 5 result meaningful

Add 7 + 7 (14 cannot be represented):

0111 7
+ 0111 + 7
1110 —2  result meaningless
Subtract 3 from 7:
0111 7
+ 1101 + -3
10100 4  overflow — discard
overflow bit
Subtract 5 from 2:
0010 2
+ 1011 + -5
1101 -3  result meaningful
Subtract 6 from -5 (—11 cannot be represented):
1011 -5
+ 1010 + -6 .

10101 5  overflow - discard
overflow bit result
meaningless

Subtract5.25 from 3.5 (fixed point; requires 6 bits):
0011.10 35
+ 1010.11 + -5.25
1110.01 -1.75  result meaningful
Subtract 7 from 7:
0111 7
+ 1001 + -7
10000 0 overflow —disregard

overflow bit

The benefits of two’s complement lie in the fact that
there is only one representation for zero, and the fact

- that the results of operations never need adjusting due

to overflow. The disadvantage is the fact that it is harder
to generate the two’s complement of a number.
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P

The polarity of signals, simple as it seems, turns out to
be a potentially confusing issue. With such phrases as
positive and negative logic, active HIGH, and active
LOW, and with one person saying “asserted,” another
saying “active,” and another saying “enabled,” all of
which may or may not be well defined, it is very difficult
to explain the relationships between signals. This can
also make the generation of the design file more ditficult.

In an attempt to sidestep the ambiguities in the lan-
guage, this discussion contains tables instead of vague
descriptions. The tables list the various possibilities. If
you know what you want, you should be able to find how
to specify your equations from the tables. The issues of
input signal polarity, output signal polarity, and feedback
signal polarity are treated separately.

Input Pin Polarity

Table 1 shows the relationships between the input pin
names and the use of the input in a Boolean equation.
As an example of how this table canbe used, if you have
a signal called /A on your schematic, and you wish for
the output to go HIGH when both /A and B are HIGH,
then fromthe second row of Table 1, declare the pins as

/A and B in the design file, and use the equation:
X = /A*B

The basic function A*B has been used throughout for
the purpose of illustration. The same procedure holds
regardless of the waveforms being used or generated.

Output Pin Polarity

The issue of output polarity is slightly more complicated
because of the issue of active-HIGH and active-LOW

outputs. The possibilities are shown in Table 2. As an
example, if a signal X is to go LOW only when inputs A
and B are HIGH, and this function is to be implemented
in an active-HIGH device, then from the third row of Ta-
ble 2, declare the output pin as X in the design file, and
use the equation:

X = /(A*B)

Feedback Polarity

Using feedback combines some of the polarity issues of
inputs with some of the polarity issues of outputs. It is
more difficult to use a simple example for this type of cir-
cuit. In Table 3, an output is assumed to be fed back to
itself. The basic principles can be extended to any out-
put feeding back to any other output. The waveform
shows the output level that is considered to be “TRUE,”
or “active.” ‘ ‘

As an example, if the equationfor a pin /X has to contain
the inverse of the output, the output signalis to be active
when HIGH, and an active-LOW device is to be used,
then from the sixth row of Table 3, declare the output pin
as /X in the design file, and specify the Boolean
expression as:

/X : = £ (A, X)

meaning that the Boolean equation uses X as an
inputterm. .

Signal Polarity
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Table 1. Input Pin Polarity

Desired Input Pin Boolean
Schematic Waveform Definition Equation
s I
A —
Logic |—X B ,_l A B X=AB
B pe—
X | |
A I
X — ¥
Logic |—X B |'— '_I /A, B X=/A'B
B —
X | |
S I O
A —
Logic j—X B ' I_I A B X =/A'B
B —
X | |
S I
A — .
Logic [—X B I_I /A, B X=A'B
B -—
X | l
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Table 2. Output Pin Polarity

Desired Output Pin Boolean Device
Schematic Waveform Definition Equation Restriction
LT L
A — ’ Active-HIGH
Logic F—X X X=AB Devices
5 — B I | X /X = /(A"B) ,
Active-LOW
Devices
x [ ]
LT
A — Active-HIGH
Logic |—X B X X AB Devices
B — | | X X =/(A"B) Active-LOW
Devices
x [
T L
A — . Active-HIGH
) Devi
Logic |—X 5 ’——I X X = /(A'B) evices
B — X /X = A'B Active-LOW
Devices
X I I
.
A — Active-HIGH .
Logic |—X X X = /(A‘ B) Devices
B X X =A'B .
B — Active-LOW
Devices
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Table 3. Feedback Signal Polarity

Desired Output Pin Boolean Device
Schematic ° Waveform Definition Equation Restriction

A — X Active-HIGH

> X I | X X =1(AX) Devices
X -
: X =AAX) Active-LOW
Devices

A — — X Active-HIGH

X X = (A/X) Devices
3 X | l X X = K(A,/X) Active-LOW

Devices

A — X Active-HIGH
X X = /f(A,X) Devices

p X | | X - X=HAX) Active-LOW

Devices

- e - Active-HIGH
A X Devices

X X = A(AJX)
b X | | X X = 1(A,/X) Active-LOW

Devices
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Table 3. Feedback Signal Polarity (continued)

Desired Output Pin Boolean Device

Schematic Waveform Definition Equation Restriction

A — X Active-HIGH
y - X X = H{A/X) Devices

. —| l—— X X = A(A/X) Active-LOW
Devices

A —] % Active-HIGH
Devices
Y_J—l_ X X =1(AX) .

D X X = A(A/X) Active-LOW
Devices

A — X Active-HIGH
| _ X X = (AJX) Devices

X I I X X = f(A/X) Active-LOW
: Devices

A —] % Active-HIGH
Devices

_ X /X = £(A,X)

D X X X =f(A/X) Active-LOW

Devices
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Advanced
Micro
Devices

10KH (adj.) A family of ECL devices. Circuits are
temperature compensated. See also: ECL, 100K, tem-
perature compensation.

100K (adj.) A family of ECL devices. Circuits are both
temperature and voltage compensated. They have
lower power dissipation and higher speed than their
10KH counterparts. See also: ECL, temperature com-
pensation, voltage compensation, power dissipation,
10KH.

A ,
active high (adj.) See polarity.
active low (adj.) See polarity.

ALS (adj.) Advanced Low-power Schottky TTL family.
Characterized as a lower power version of the AS
family, and actually faster and lower power than the LS
family. See also: AS, LS, TTL, Schottky TTL.

AND 1. (adj.) One of the three elementary logic func-
tions. Result of the AND operation is true if and only if all

operands are true. 2. (v.t) To perform the AND -

operation.

. AS (adj.) Advanced Schottky TTL family. High-speed
versions of the standard Schottky TTL family. Generally
use oxide isolated technology for very high speed. See
also: Schottky TTL, TTL, oxide isolation.

assertive high (adj.) Same as “active high”. See
polarity.

assertive low (adj.) Same as “active low”. See polarity.

astable (adj.) Describes a system which has no stable
state. Such a system will oscillate. Astable circuits can
be used to generate timing and synchronizing clock sig-
nals. See also: bistable, monostable.

asynchronous 1. (adj.) Describes a sequential logic
system wherein operations are not synchronized to a
common clock. 2. (adj.) Describes signals whose be-
havior and timing are completely unrelated to a particu-
lar clock. Such signals can either be randomor based on
another clock which has a different frequency. 3. (adj.)
Describes a communication protocol whereby the tim-
ing of various operations is not determined by a system
clock, but rather by events whose relationships are

known, but whose exact timing cannot be precisely pre-

dicted. See also: sequential, clock, synchronous.

B

BCD (n.) Binary Coded Decimal. Decimal numbers in
4-bit binary.

binary (adj.) Having only two possible states, which can
be variously called on/off, /O, true/false, high/low, etc.

bipolar (adj.) One of the two basic types of transistor. In
logic design, used for TTL, ECL, and I°L families. See
also: TTL, ECL, I°L, MOS.

bistable (adj.) Describes a system which has 2 stable
states. Any other state is unstable, and will eventually
change to one of the stable states. A flip-flop is the most
common electronic bistable circuit. See also: flip-flop,
astable, monostable.

bit 1. (n.) Binary Digit. One unit of binary information
2. (n.) A measure of the storage capacity of a memory
chip. See also: binary.

blank (adj.) Describes the state of a programmable cell
after manufacturing, and before any programming, or, in
the case of an erasable device, after erasure. Opposite
of “programmed”. See also: programmable cell, pro-
grammed, program, erase.

buffer (n.) A logic gate which performs the logic identify
function; i.e., the input is passed through unchanged.
Used to isolate various parts of a system, or to provide
voyage or current amplification.

c

chip (n.) Asingle piece of semiconductor material which
contains an integrated circuit. Sometimes called a die if
not in a package. See also: integrated circuit, die,
package.

clock 1. (adj.) A signal used to synchronize the opera-
tion of a system. 2.{adj.) An input to a clocked flip-flop.
The flip-flop will not change state until an appropriate
pulse appears at the clock input. 3. (n.) A circuit which
generates a clock signal. 4. (v.t.) To pulse the clock
signal or the clock input of a clocked flip-flop. See also:
flip-flop, clocked flip-flop.

clocked flip-flop (n.) A flip-flop that does not change
state until a clock signal is received. See also: flip-flop,
unclocked flip-flop, clock.

CMOS (n., adj.) Complementary MOS. A type of circuit
which makes use of both N-channel and P-channel
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MOS transistors. Many CMOS logic circuits consume
no power when not actually switching. See also: MOS,
NMOS, PMOS, standby power.

combinational (adj.) See combinatorial.

combinatorial (adj.) Refers to a logic circuit which im-
plements logic functions of present input signals only.
Also called combinational. See also: sequential.

complement 1. (adj). Refers to a signal which is identi-
calto some reference signal, except that it is of opposite
polarity. Opposite of “true”. 2. (v.t.) To invert. See also:
true, polarity, invert.

complementary (adj.) Refers to logic device outputs
which implement identical logic functions, but with
opposite polarities. Used on some PLDs and ECL de-
vices. See also: polarity, PLD, ECL.

D
decimal (adj.) Based on the number 10.

die (n.; plural: dice) Same as a chip, particularly before
being placed in a package. See also: chip, package.

digit (n.) Any number from 0 to 9.

DIP (n.) Dual In-line Package. The most common inte-
grated circuit package. It is rectangular in shape, with
widths ranging from .300 inch to .900 inch, and has verti-
cal leads along the length. See also: integrated circuit,
package.

disable 1. (v.t.) Toturnoff athree-state output. 2. (v.t.)
To inhibit another function, such as “disabling the clock”.
See also: three-state, enable.

download 1. (v.t.) To pass data from one machineto a
less complex machine. 2. (n.) The act of downloading
data. See also: upload.

E

ECL (n., adj.) Emitter Coupled Logic family. An ex-
tremely high-speed family of bipolar logic and memory
devices. See also: bipolar.

EE cell (E2 cell) (n.) A floating gate cell which can be
both programmed and erased with electrical signals.

EEPROM (n.) Electrically Erasable Programmable
Read-Only Memory. A nonvolatile read-only memory
device which can be erased and reprogrammed, both
with special electrical signals. See also: program, erase,
EPROM, PROM, ROM, RAM, nonvolatile.

enable 1. (v.t.) To turn on a three-state output. 2. (adj.)
By itself, usually refers to a pin which isusedto enable a
three-state output. Also called “output enable”. 3. (adj.)
Used with other function names, indicates a qualifier or
inhibitor of the function. For example, “clock enable”is a

function which qualifies the clock function. 4. (v.t.) To
allow a signal which has been disabled to function; for
example, “enabling the clock” removes any restraint

. which may disable the clock signal. See also: three-

state, disable.

EPROM (n.) Erasable Programmable Read-Only Mem-
ory. A non-volatile read-only memory device which can
be erased and reprogrammed. Erasure is accomplished
by exposing the die to ultraviolet light for a period of
time. Die must be packaged in a windowed package to
allow erasure. See also: program, erase, EEPROM,
PROM, ROM, RAM, non-volatile, windowed package.

erase 1. (v.t.) To return a programmed device to its
blank state. Opposite of “program”. 2. (v.t.) To return an
individual programmable cell to its blank state. See also:
blank, programmable cell, program. N

ESD (n.) Electrostatic Discharge. The natural physical
event of the transferring of electrical charges. If uncon-
trolled, ESD can destroy or degrade both CMOS and bi-
polar semiconductor devices with inadequate on-chip
protection circuitry and/or insufficient packaging and
handling protection. See also: ESDS Device, CMOS,
bipolar.

ESDS Device (n.) Electrostatic Discharge Sensitive De-
vice. A device which is sensitive to damage at certain
levels of ESD. Three classes exist at ESD levels of up to
1999 V, to 3999 V and above 4000 V. See also: ESD.

F

finite state machine (FSM) (n.) A machine which can
be inone of afinite number of states. Often used forlogic
circuits which sequence through various states. Such a
circuit is referred to as sequential. See also: sequential.

flip-flop (n.) A bistable digital circuit. The simplest vari-
ety is called an S-R flip-flop. Other types are J-K,T, and
D-type. May be unclocked or clocked. See also: bis-
table, unclocked flip-flop, clocked flip-flop.

floating gate (n.) A gate on an MOS transistor which is
not connected to anything. Used to store charge; forms
the basis of UV cells and EE cells. See also: MOS, gate, -
UV cell, EE cell.

FPGA 1. (n.) Field Programmable Gate Array. A high-
density PLD with multiple levels of logic and program-
mable interconnect. 2. (n.) Field Programmable Gate
Array. An array of logic gates whose configuration can
be programmed by the customer. The gates are often
NAND gates, but can also be NOR gates. See also:
gate, program, NAND, NOR.

FPLA (n.) Field Programmable Logic Array. See PLA.

FPLS (n.) Field Programmable Logic Sequencer. A pro-
grammable logic device which is intended for sequenc-
ing or state machine applications. See also: finite state
machine.
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functlonally complete (adj.) Refers to a logic operation
or group of operations from which any complex logic
functioncanbe built. The NAND and NOR operators are
functionally complete. See also: NAND, NOR.

fuse (n.) As used in programmable logic, usually refers
to a lateral metal link fuse. See also: lateral fuse.

fuse map (n.) A graphic representation of the contents
of a PLD. The state of each connection (fuse or other
programmable cell) is represented, usually with “X” indi-
cating an intact connection, and “-” indicating an open
connection. See also: PLD, programmable cell.

G

gate 1. (n.) A fundamental logic element. The elemen-
tary gates provide NOT, AND, and OR logic functions.
2. (n.) The control terminal of a gated D-type latch. See
also: latch, gated latch.

gate array (n.) A logic device which consists of an array
of logic gates (usually NAND) which can be intercon-
nected during fabrication. A custom metallization pat-
ternis usedto configure the desired functions. See also:
gate, NAND, metaliization.

gate equivalency (n.) A rough measure of the complex-
ity of a digital logic integrated circuit. Indicates the ap-
proximate number of discrete logic gates that would be
neededto implement the same function. See also: gate.

gated latch (n.) Generally refers to anunclocked D-type
flip-flop which has a control signal called a gate. When
the gateis “open”, the flip-tlop output follows the data in-
put. When the gate is “closed”, the output holds its cur-
rent state. Also called a transparent latch. See also: flip-
flop, unclocked flip-flop, gate, latch.

H

HAL® device (n.) Hard Array Logic device. A version of
a PAL device which is configured during fabrication with
a custom metallization pattern. HAL is a registered
trademark of Advanced Micro Devices. See also: PAL
device, metallization.

I2L (IIL) (n., adj.) Integrated Injection Logic. A less com-
mon bipolar logic design technique which, when used, is
found primarily in portions of LS| and VLSl circuits. See
also: bipolar, LSI, VLSI.

Integrated circuit (n.) An electronic device which has
many transistors and other semiconductor components
integrated onto one piece of silicon. Often abbreviated
IC.

Invert (v.t.) To perform the logical NOT function on a
digital signal. To reverse the polarity of a digital signal.
See also: polarity, NOT.

Inverter (n.) A logic gate which performs logical inver-
sion, or the NOT operation. See also: gate, NOT.

1/0 (Input/Output) 1. (n.) The methods and equipment
used to pass information into and/or out of a system or
device. 2. (adj.) On a programmable logic device, a pin
which can function as an input and/or an output.

J

JEDEC 1. (n.) Joint Electronic Device Engineering
Council. A council which creates, approves, arbitrates,
and/or oversees industry standards for electronic
devices. 2. (adj.) In programmable logic, refers to a
computer file containing information about the
programming of a device. The file format is a JEDEC-
approved standard. Used for downloading to program-
mers. See also: program, programmer, download.

junction isolation (n.) A bipolar integrated circuit fabri-
cation technique which uses P-N functions to isolate
transistors. This is the original integrated circuit technol-
ogy, and is being supplanted by oxide isolation in places
where speed is critical. See also: oxide isolation,
bipolar.

K

Karnaugh map (K-map) (n.) A graphic tool for minimiz-
ing sum-of-products or product-of-sums logic functions.
Useful for up to six logic variables. See also: sum-of-
products, product-of-sums.

L

latch 1. (n.) Atype of flip-flop. Means different things to
different people. In general, an unclocked flip-flop.
Sometimes used to refer specifically to a gated D-type
flip-flop. 2. (v.t.) To capture a signal in a latch. See also:
flip-flop, unclocked flip-flop, gate, gated latch.

latch up (v.t.) To enter the latch-up condition. See also:
latch-up.

latch-up (n.) A condition in which a circuit draws uncon-
trolled amounts of current, and certain voltages are
forced, or “latched-up” to some level. Used especially in
reference to CMOS devices, which can latch up if the
operating conditions are violated. See also: CMOS,
latch up.

lateral fuse (n.) A thin metal link which is disconnected
when programmed. Connected in the blank state, dis-
connected in the programmed state. Usually just called
a “fuse”. See also: program, programmed, blank.
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LCC (n.) Leadless Chip Carrier. A ceramic integrated
circuit package having no leads. Connection is made to
metal contacts which are flush with the package. See
also: integrated circuit, lead, package.

lead (n.) [Ied] A metal conductor which provides a con-
nection from the inside of an integrated circuit package
to the outside world for soldering or other mounting
techniques. See also: integrated circuit.

logic array (n.) Generally an array of programmable
cells which attach inputs to logic gates of a specified
type. See also: program, gate, programmable cell.

logic simulation (n.) A means whereby a logic design
can be evaluated on a computer before actually being
built. The computer simulates the behavior of the com-
ponents to predict the behavior of the overall circuit.

LS (adj.) Low-power Schottky TTL family. Lower power
version of the standard Schottky TTL family. See also:
TTL, Schottky TTL.

LSl (adj.) Large-Scale Integration. A rough measure of
the complexity of a digital circuit. Characterized as hav-
ing 100-5000 gate equivalents for logic chips, or 1 K—
16 K bits for memory chips. See also: gate equivalent,
bit, VLSI, SSI, MSI.

M

macrocell (n.) Typically the output cell of a PLD, con-
taining a flip-flop and path multiplexers.

maxterm (n.) A sum in the canonical product-of-sums
form. Each maxterm contains every input variable, in
either true or complemented form. See also: product-of-
sums, true, complement,

metallization (n.) The process of connecting the vari-
ous elements of an integrated circuit or printed circuit
board by placing a layer of metal over the entire waferor
board, and then selectively etching away unwanted
metal. A photolithographic mask defines the pattern of
connections. See also: integrated circuit, wafer, printed
circuit board.

minterm (n.) A product in the canonical sum-of-prod-
ucts form. Each minterm contains every input variable,
either in tfrue or complemented form. See also: sum-of-
products, true, complement.

monolithic (adj.) In the electronics industry, refers to a
circuit which has beenintegrated onto one semiconduc-
tor chip. Integrated circuits are monolithic by definition.
See also: integrated circuit.

monostable (adj.) Describes a system which has 1 sta-
ble state. Any other state is unstable, and will eventually

change to the stable state. The most common monos-
table circuit is a “one-shot”. See also: bistable, astable.

MOS (n., adj.) Metal-Oxide-Semiconductor transistor.
One of the two basic types of transistor. In logic design,
used for NMOS, PMOS, and CMOS families. See also:
NMOS, PMOS, CMOS, bipolar.

MSI (adj.) Medium-Scale Integration. A rough measure
of the complexity of a digital logic circuit. Characterized
as having 10-100 gate equivalents. See also: gate
equivalent, SSI, LSI, VLSI.

N

NAND (adj.) Not AND. A commonly used logic gate
which is equivalent to an AND gate followed by an
inverter. The NAND logic operation is functionally com-
plete.See also: gate, inverter, functionally complete,
AND.

negative logic (n.) A physical implementation of logic
wherein a low voltage level represents a logic 1, or
“true”, and a high voltage level represents a logic 0, or
“false”. See also: positive logic, polarity.

NMOS (n., adj.) N-channel MOS. Atype of circuit which
makes exclusive use of N-channel MOS transistors.
See also: MOS, PMOS, CMOS.

non-volatile (adj.) Refers to memory devices which do
not lose their contents when power is removed. See
also: volatile.

NOR (adj.) Not OR. A logic gate which is equivalent to
an OR gate followed by an inverter. The NOR logic op-
erationis functionally complete. See also: gate, inverter,
functionally complete, OR.

NOT (adj.) One of the three elementary logic functions.
Unary operation whose result is true if and only if the op-
erand is false.

(o)

OR 1. (ad].) One of the three elementary logic functions.
Result of the OR operation is false if and only if all oper-
ands are false. 2. (v.t.) To perform the OR operation.

OTP (adj.) One-Time Programmable. Refers to pro-
grammable devices which are UV-erasable, but which
are not packaged in windowed packages. As a result,
there is no way to erase the device, making it program-
mable only once. See also: program, erase, UV-eras-
able, windowed package. )

oxide isolation (n.) A bipolar integrated circuit fabrica-
tion technique which uses silicon oxide to isolate tran-
sistors. This resuits in higher speed and density. See
also: junction isolation, bipolar.
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package (n.) The encasement which protects a die and
provides convenient electrical contact to the die. Materi-
als used are generally ceramic or plastic compounds.
There are a variety of shapes and sizes. See also: die.

PAL® device (n.) Programmable Array Logic device. A
PLD which implements logic via a programmable AND
logic array driving a fixed OR logic array. PAL is a regis-
tered trademark of Advanced Micro Devices. See also:
program, logic array, sum-of-products, PLD, AND, OR.

PLA (n.) Programmable Logic Array. A programmable
logic device which implements sum-of-products logic
via & programmable AND logic array driving a program-
mable OR logic array. See also: program, logic array,
sum-of-products, AND, OR.

PLCC (n.) Plastic Leaded Chip Carrier. Amolded plastic
integrated circuit package with leads shaped like a “J"
(J-leads). Intended for surface mounting. See also: inte-
grated circuit, lead, surface mounting, package.

PLD (n.) Programmable Logic Device. Generic term for
a logic device whose function can be configured by the
customer after purchase. See also: program.

PMOS (n., adj.) P-channel MOS. A type of circuit which
makes exclusive use of P-channel MOS transistors.
See also: MOS, NMOS, CMOS.

polarity (n.) Specifies the sense of “active” and “inac-
tive”, or “true” and “false” in a digital signal. “Active high”
represents “true” as a high signal; “active low” repre-
sents “true” as a low signal.

positive logic (n.) A physical implementation of logic
wherein a high voltage level represents a logic 1, or
“true”, and a low voltage level represents a logic 0, or
“false”. See also: negative logic, polarity.

power dissipation (n.) The amount of electrical power
used by adevice. Calculated as the product of the oper-
ating voltage and current. Measured in watts (W) or mil-
liwatts (mW), as appropriate. Sometimes incorrectly
used to refer to the operating current only.

printed circuit board (PC board, PCB) (n.) A board for
assembling electrical components. Component con-
nections are made by metaltraces which have beenfab-
ricated through a metallization process. See also: trace,
metallization.

product-of-sums (POS) (adj.) A representation of a
logic function where the input signals are individually in-
verted (if necessary), then ORed together to form sums
which are ANDed together. Any combinatorial logic
function can be represented in product-of-sums form.
See also: sum-of-products, combinatorial, AND, OR.

product term (pterm, p-term) (n.) An AND gate in a
PLD which implements sum-of-products logic. See also:
sum-of-products, PLD, AND, gate.

product term sharing (n.) See product term steering.

product term steering (n.) A means whereby product
terms ina PAL device canbe routed to one of two device
outputs, instead of being dedicated only to one output.
Sometimes called “product term sharing”. See also:
product term, PAL device.

program 1. (v.t.) As used in programmable logic, to
configure a blank device so that it can perform some de-
sired function. Applies to memory and logic devices.
Opposite of “erase”. 2. (v.t.) To change an individual
programmable cell from a blank state to a programmed
state. See also: blank, programmable cell, pro-
grammed, erase.

programmable cell (n.) Any of a variety of celis which
can be altered by applying certain electrical signals.
Various types are lateral and vertical fuses, UV cells, E2
cells, and even RAM cells. All but RAM cells are non-
volatile. See also: lateral fuse, vertical fuse, UV cell, E2
cell, RAM cell, non-volatile, volatile.

programmed (adj.) Describes the state of a program-
mable cell or device after programming. Opposite
“blank”.

programmer (n.) A device or machine used for config-
uring, or “programming”, PLDs or PROMs. See also:
program, PLD, PROM.

PROM (n.) Programmable Read-Only Memory. A non-
volatile memory device whose contents are pro-
grammed by the customer. Once programmed, it cannot
be erased. Also functions as a PLD with a fixed AND
logic array which drives a programmable OR logic array.
See also: program, erase, EEPROM, EPROM, ROM,
RAM, non-volatile, AND, OR, logic array.

R

RAM (n.) Random-Access Memory. Sometimes called
read/write memory. A type of memory device which can
be written to and read at any time. Such memory is vola- -
tile. Actually a misnomer, since most types of memories
can be accessed randomly. The distinguishing feature
is the fact that RAM is designed specifically to be written
to in normal usage. See also: ROM, volatile.

RAM cell (n.) A cell which is used make one bit of vola-
tile memory in a RAM. Can also form the basis of a pro-
grammable logic connectivity array. See also: RAM,
volatile.
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ROM (n.) Read-Only Memory. A nonvolatile memory
device which has its contents defined when manufac-
tured. No changes can be made to the memory
contents. See also: PROM, EPROM, EEPROM, RAM,
nonvolatile.

S

Schottky TTL (adj.) Family of TTL devices which make
use of Schottky diodes for higher speed. See also: TTL.

security fuse (n.) A PLD feature which allows a userto
“secure” the PLD after programming. This prevents sub-
sequent copying of the contents of the PLD. See also:
PLD, program.

semicustom (adj.) Refers to a circuit which has been
partially designed by the device vendor, and partially de-
signed, or configured, by the customer. Primary types
are PLDs, gate arrays, and standard cell circuits. See
also: PLD, gate array, standard cell.

sequential (adj.) Refers to a logic circuit whose opera-
tion depends both on present input signals and previous
operations, or states. Requires some kind of memory
(usually flip-flops) for remembering past states. See
also: flip-flop, combinatorial.

SSI (adj.) Small Scale Integration. A rough measure of
the complexity of a digital logic circuit. Characterized as
having less than 10 gate equivalents. See also: gate
equivalent, MSI, LSI, VLSI.

standard cell (n.) Amethod of designing semicustomor
full custom circuits whereby predefined cells are
brought together to provide the specified function. Un-
like gate arrays, all fabrication steps are customized,
instead of just the metallization step. See also: semicus-
tom, gate array, metallization.

standby power (n.) The power consumed by a device
when none of the device inputs are switching. Usually
used inreference to CMOS devices, many of which con-
sume practically no standby power. See also: CMOS.

sum-of-products (SOP) (adj.) A representation of a
logic function where the input signals are individually in-
verted (if necessary), then ANDed together to form
products which are ORed together. Any combinatorial
logic function can be represented in sum-of-products
form. See also: product-of-sums, combinatorial, AND,
OR.

surface mounting (n.) A printed circuit board assembly
technique whereby the integrated circuit packages are
placed on the board with no leads protruding through to

the other side. Packages can thus be mounted on both’

sides of the board. See also: printed circuit board, lead,
through-hole mounting.

synchronous 1. (ad].) Describes a sequential logic sys-
tem wherein all operations are synchronized to a

common clock. 2. (adj.) Describes signals whose be-
havior and timing are synchronized to a clock. 3. (adj.)
Describes a communication protocol whereby the tim-
ing of various operations is determined by a system
clock. See also: sequential, clock, asynchronous.

T

temperature compensation (n.) A circuit feature which
allows some electrical characteristics to remain rela-
tively constant with some variation in operating
temperature.

three-state (adj.) A type of logic device output which
can be in one of three-states: HIGH, LOW, and OFF, or
High-Z (high impedance). When enabled (on), performs
as a normal binary output. When disabled (off), acts as
an open pin. See also: enable, disable, binary.

through-hole mounting (n.) A printed circuit board as-
sembly technique whereby the leads of the various com-
ponents extend through holes inthe board. These leads
are then soldered from the opposite side of the board.
See also: printed circuit board, lead, surface mounting.

trace 1. (n.) During logic simulation, the behavior of a
signalor group of signals. The results can sometimes be
stored in a “trace file” on disk for later analysis. 2. (n.) A
thin layer of metal on a printed circuit board which pro-
vides connections between components. Performs the
function of a wire. See also: logic simulation, printed cir-
cuit board. ‘

transparent latch (n.) See gated latch.

TRI-STATE?® (adj.) See three-state. TRI-STATE is a
registered trademark of National Semiconductor Corp.

true (adj.) Refers to a signal which is identical to some
reference signal, with the same polarity. Opposite of
“complement”. See also: complement, polarity.

TTL (adj.) Transistor-Transistor Logic family. The most
widely usedfamily of bipolar logic devices. The name re-
fers to the particular circuit design technique used. See
also: bipolar.

u

unclocked flip-flop (n.) Aflip-flop that changes state as
soon as the appropriate controls are applied.See also:
flip-flop, clocked flip-flop.

upload 1. (v.t.) To pass data from one machine to a
more complex machine. 2. (n.) The act of uploading
data. See also: download.

UV cell (n.) A floating gate cell which can be erased by
exposure to ultraviolet (UV) light. See also: floating
gate, erase.
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UV-erasable (adj.) Refers to devices or programmable
cells which can be erased when exposed to ultraviolet
(UV) light for a period of time. See also: programmable
cell, erase.

v .

vertical fuse (n.) A transistor arranged such that the
emitter and base are shorted together when pro-
grammed. Disconnected in the blank state, connected
in the programmed state. See also: program, pro-
grammed, blank.

VLSI (adj.) Very Large Scale Integration. A rough meas-
ure of the complexity of a digital circuit. Characterized as
having 5000 or more gate equivalents for logic chips, or
16K or more bits for memory chips. See also: gate
equivalent, bit, SSI, MSI, LSI.

volatile (adj.) Refers to memory devices which lose
their contents when power is removed. See also: non-
volatile. . )

voltage compensation (n.) A circuit feature which al-
lows some electrical characteristics to remain relatively
constant with some variation in the supply voltage.

w

wafer (n.) A round slice of very pure silicon which is
used in the fabrication of integrated circuits. Several
circuits can be built on one wafer. See also: integrated
circuit.

windowed package (n.) A package which has a quartz
window inthe lid directly over the die. This makes it pos-
sible to expose the die to ultraviolet light for erasing the
device.See also: erase, die, package.
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Worldwide Application Support
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Advanced
Micro
Devices

The Worldwide Application Support Group is dedicated
to making sure that the customer’s need for technical
support is met.

It is the job of Applications Engineering to ensure that
the customer engineer is familiar with our product line,
that they have the information and tools necessary to
get the appropriate part designed in, and that they have
access to technical support throughout the lifetime of
their product.

Support is provided by two groups:

Field Applications Engineers—With Applications
Engineers located in our field sales offices throughout
the world, our customers always have access to an
engineer when they have problems or questions. Work-
ing with Sales, our engineers teach seminars showing
customers how to use our new parts, assist them during
their design when technical questions come up, and
provide troubleshooting support to help eliminate

problems which might occur when the design reaches
production. Call your local Sales Office for an FAE in
your area.

Factory Applications Support—This group, located
within the factory, is responsible for centralized-
technical support of all AMD's products. Their duties
include developing seminars for training of FAEs and
customers, and hosting the twice yearly Applications
Conference. They are responsible for the coordination
of customer training and giving the factory aninsightinto
the customer’s point of view.

Additionally, the Factory Applications Support Group
provides customer support fortechnical questions via a
toll-free number: (800) 222-9323 (listed on the back of
all databooks). Assistance is available from 7 a.m. to
5:30 p.m. (Pacific time) Monday thru Friday. Currently
80% of the questions are answered on the first call, 20%
within 24 hours.
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International
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AL DEVICES

16R8

PAL16L8-4
PAL16R8-4
PAL16R6-4
PAL16R4-4

28J

PAL16L8-5
PAL16R8-5
PAL16R6-5
PAL16R4-5

20P, J

PAL16L8-7
PAL16R8-7
PAL16R6-7
PAL16R4-7

20P, J,D

PAL16L8D/2
PAL16R8D/2
PAL16R6D/2
PAL16R4D/2

20P, J

PAL16L8B
- PAL16R8B
PAL16R6B
PAL16R4B

PAL16L8B-2
PAL16R8B-2
PAL16R6B-2
PAL16R4B-2

PAL16L8A
PAL16R8A
PAL16R6A
PAL16R4A

PAL16L8B-4
PAL16R8B-4
PAL16R6B-4
PAL16R4B-4

20N, J, NL

20R8

PAL20L8-5
PAL20R8-5
PAL20R6-5
PAL20R4-5

24P, 28J

PAL20L8-7
PAL20R8-7
PAL20R6-7
PAL20R4-7

24P, 28J,
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PAL20R4A
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18P8
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AmPAL18P8A
AmPAL18P8L

20P, J

22P10

AmPAL22P10B
AmPAL22P10AL
AmPAL22P10A

24P, 28J

TTL

4.5
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210

75

180
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180
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180

25
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25

180

35
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