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INTRODUCTION

This chapter introduces the MACH library! and its func-
tional elements, called macros, in four discussions.

+ The overview, 7.1, introduces the categories of
macros contained within the AMD-supplied library.

+ The annotated schematic design discussion, 7.2,
illustrates considerations for capturing a schematic
and points to the corresponding descriptions in
discussion 7.3.

« The capturing a schematic discussion, 7.3,
describes how to use the library macros effectively
to create a design using OrCAD/SDT lli.

« The annotated datasheet, 7.4, provides a sample
datasheet from Chapter 8, in this section, with a
description of each information field.

1 Only the MACH family of devices is supported in the library. The library must be purchased
separately from the PALASM 4 software.

July 1991
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7.1 MACH

AMD provides over 100 commonly used logic functions

LIBRARY as macros in the MACH library. A summary of the
OVERVIEW available macros is shown next.
BUFFER COMBINATORIAL OTHER STORAGE TTL-EQUIVALENT
MACROS MACROS MACROS MACROS MACROS
BUF AND AINIT FD See Chapter 8
INV NAND NC FT
NTRST NOR NODE LD
TRST OR PDWN LDX
XNOR PUP DFF
XOR DLAT
DLATX
TFF
2 Refer to Chapter 8, in this section, for a complete list of macros, symbols, and datasheets.
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7.2 ANNOTATED
SCHEMATIC

This discussion presents an annotated schematic to
illustrate the features and cor.siderations of capturing a
MACH schematic d2sign. Each lettered paragraph
below corresponds to a circled letter in the next figure.

A. You use the AINIT macro to specify the asyn-
chronous preset and reset for all three terminal
storage macros in a design.

In this case, the T-type flip-flops in the 74163 are
set and reset by the signals ASYNC_SET and
ASYNC_RST. Use five-terminal storage macros to
specify multiple asynchronous preset and reset
functions.

B. You use the NODE macro on a wire connected to a
module port to specify a package pin number. In
this case, the clock is connected to pin 13.

C. You use the PDWN and PUP macros to disable
unused TTL-equivalent macro inputs, preventing
the unused input signals from being connected to
the package pins due to lower-level module ports.

Use the PDWN macro to disable an active-high
input and the PUP macro to disable an active-low
input.

D. You use the NC macro to terminate unused
TTL-equivalent macro outputs. Any unused logic
associated with the designated output is then
removed during later processing.

E. " You use the NODE macro to assign logic to specific
blocks in the MACH device. In this case, the
equation driving QD is grouped into block A.

July 1991
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F.  You use the NODE macro to specify the node
number of a buried node signal. In this case, the
signal NODE1 is placed at location 18.3

G. You use the NODE macro to prevent minimization
of logic. In this case, inhibiting minimization
preserves the redundant hold term of the latch
design.

Refer to Section |V, Chapter 11, for details on node numbers for each MACH device.

7-4
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ASYNC_SET

ASYNC_RST|

SYNC_RST

Counter QA
M1 B
A A
i o8 -
3 a—
ENP 101
o
W | @ *
dq ar
106
74163
NODE
®""
L xi
= PDWN

M Latch with Hold Term
—Se———
G
——>> C AND3
——>CLR M6
Jgg M13
AND3 0
M7
$HO-
OR4 07
—Do- AND3 %ODE
M8 NO_MIN
>e 3—_
AND3
Annotated Schematic
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7.3 CAPTURING
A SCHEMATIC

7.3.1 SPECIFYING
PIN AND NODE

You capture a MACH schematic using OrCAD/SDT i
and the optional MACH macro library. PALASM 4
provides an interface to the OrCAD/SDT Il software.4

The features and considerations for capturing a MACH
schematic design are presented in the following
discussions.

» 7.3.1, Specifying Pin and Node Numbers

« 7.3.2, Grouping Signals into a Block

« 7.3.3, Turning Minimization Off

» 7.3.4, Manually Splitting Product Terms

» 7.3.5, Terminating Unused Inputs and Outputs
+ 7.3.6, Defining Preset and Reset Functions

« 7.3.7, Interpreting Reference Designators

» 7.3.8, Naming Signals

1/0 pins in a MACH design are automatically defined by
unresolved module ports, ones that do not have a
complementary connection. All module ports in the
design above are unresolved.

Note: A module port is automatically linked to an I/O
pin when it is unresolved.

NUMBERS
10?
5oe
4

To specify an I/O pin or a node location, you connect a
NODE macro to the corresponding signal wire and edit
part field 1 to indicate the desired number. You enter
only the pin or node number; no alpha characters are
allowed.

Refer to Section |, Chapter 1, for details on installing the interface to OrCAD/SDT III.
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7.3.2 GROUPING
SIGNALS INTO A
BLOCK

Important: Assign fixed I/0 package pin locations only
when necessary. Letting pins float allows more
flexibility during the fitting process and results in a
higher probability of success.

Also: You must connect the NODE macro to an
individual signal wire; connections to bus wires are

ignored.

To group the logic associated with a signal into a
specific block, you can connect a NODE macro to the
corresponding signal wire and edit part field 2. The
block letter must be preceded by a period, for example,
Aor B.

[RESET >
RESET Tox
NODE
A

Important: You must use the NODE macro to assign
attributes to buffer, combinatorial, and module port
nets. Storage and TTL-equivalent macros have

inherent attribute fields.

7.3.3 TURNING
MINIMIZATION OFF

During compilation, logic is replaced with its DeMorgan
equivalent if the latter implementation requires fewer
product terms.

Important: When DeMorganized equivalents are sub-
stituted for clocked macros, polarity inversion occurs
after the storage element. As a result, the operation of

the set/reset logic is reversed when viewed at the pin.

Inhibiting minimization also preserves the redundant
hold used in latch designs to prevent timing glitches.

To prevent minimization for the logic associated with a
signal, you connect a NODE macro to the correspond-
ing signal wire and edit the name of part field 3 to
NO_MIN.

July 1991
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7.3.4 MANUALLY The 6-input parity generator, shown in the annotated

SPLITTING PRODUCT schematic discussion, is an example of a circuit that

TERMS requires gate splitting. To implement the complete
function requires 32 product terms. However, a MACH
110 device can support only 12 product terms for a
single macrocell.®

You can split the product terms of this function by
M? placing a NODE macro at the output of each XOR3,

) thereby creating two buried nodes. The buried node
results are fed back into the array to produce the result
XOR3 102 POUT. Each of the smaller XOR functions fits into a

NODE

single macrocell; the final implementation of the parity
generator fits into a MACH 110 device.

Important: Splitting product terms requires feedback
through the array that introduces an additional unit of
delay in the signal path. You must account for this

added delay.
7.3.5 TERMINATING You must disable unused TTL-equivalent macro inputs
UNUSED INPUTS AND by connecting them to supply or ground. This prevents
OUTPUTS the unused input signals from being connected to

package pins due to lower-level module ports.

Similarly, you must terminate unused TTL-equivalent
107 macro outputs with an NC macro. Any unused logic
RLO 1] associated with the designated output is then removed
NC during later processing.

Refer to Section IV, Chapter 11, for details on steering product terms.
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7.3.6 DEFINING The MACH library contains storage macros with either

PRESET AND RESET implied or explicit asynchronous set and reset

FUNCTIONS functions. You specify these functions to define when
asynchronous set or reset signals are generated after
the device powers up. All flip-flops and latches are
automatically reset when the device powers up,
independent of the asynchronous control logic.

The AINIT macro represents the implied asynchronous
set and reset functions for all of the three-terminal

° L storage macros in a design. The following storage
[ctka >—> ¢ macros require the AINIT macro for asynchronous set
FD and reset definition.
- FD
- FT
- LD
« LDX

Note: Only one AINIT macro can be specified per de-
sign. Any additional reset functions must be defined
explicitly.

The following storage macros have five terminals,
thereby allowing you to explicitly connect the
appropriate asynchronous set and reset function.

- DFF
- DLAT
- DLATX
- TFF

Important: Only one asynchronous set and reset
signal can be implemented in a single block within the
MACH device. Each time you specify a unique set or
reset function, the new logic is placed in a separate
block.
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7.3.7 INTERPRETING Each instance of a macro in a schematic must have a

REFERENCE unique reference designator. Reference designators
DESIGNATORS are automatically assigned during the compilation
process.

Note: Each reference designator must be unique
across all levels of hierarchy, including the subsheets of
MACH macros.

The following types of reference designators are used
in the AMD-supplied macro libraries.

« M? appears with combinatorial, TTL-equivalent,
and non-three-state buffer macros.

«  X? appears with storage and three-state macros.

« 10? appears with the NODE and NC macros.

Tip: Error and warning messages include the reference
designator and net name of the flagged logic; therefore,
it is a good idea to name all nets in the design.

7.3.8 NAMING Use an alphanumeric string no longer than nine
SIGNALS characters for each signal name. Signal names are not
case sensitive.

Important: A forward slash, /, does not affect the
polarity in a schematic signal name.

Note: When a schematic-based design is compiled, a
<design>.PDS file is generated. The signal names in
this file may have prefixes or suffixes to guarantee
uniqueness in the design hierarchy. For example, a
forward slash is converted to a _FS_ prefix.
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7.4 ANNOTATED
DATASHEET

This discussion presents an annotated datasheet

to illustrate the layout and information contained
therein. Chapter 8, in this section, contains datasheets
for each of the TTL-equivalent macros available in the
MACH library. Each lettered paragraph below
corresponds to a circled letter in the next two figures.

A. The feature summary is a bulleted list that
summarizes the logical features of the macro.

B. The logic symbol illustrates the macro pin names
and how they appear on the symbol.

C. The MACH resource summary lists the number of
resources consumed by a stand-alone macro. This
summary does not account for potential minimiza-
tion or conflicts with other logic in a design. The
following utilized resources are listed.

«  Macrocell count

*  Array inputs

»  Product terms used

»  Product terms allocated

»  MACH-family restrictions, if applicable

D. The functional description explains the logical
operation of the macro, and corresponds to the
information presented in the function table. It also
indicates if the macro is a non-standard TTL
implementation.

E. The sample PDS equivalent represents the PDS file
generated when the macro schematic is processed
as a stand-alone design.

July 1991
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F. The function table illustrates the functional
operation of the macro. Logic states are
represented as follows.

« Hrepresents a logical 1, or HIGH, state.
« L represents a logical 0, or LOW, state.
« Xrepresents a don't-care condition.

* Anup arrow represents a rising edge.

G. The schematic is a logical representation of the
macro circuit as created in OrCAD/SDT lil. The
following graphic changes have been made to
enhance the clarity of the schematics. No changes
have been made to the logic.

+ Reference designators have been removed.

« Part values have been removed from non-
storage macros.

«  Module-port names have been relocated to a
position above the module-port symbol.

= Some pin names have been removed to
prevent crowding.
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74163 4-Bit Binary Counter w/ Synchronous Reset 74163

@ ©

e Synchronous 4-bit binary- Logic Symbol Macrocell count: 5
loadable up counter Array inputs: 12
—1A QA — Product terms used: 17
® Synchronous reset — g 82 - Product terms allocated: 20
® Carry look-ahead output for D QD
making wider counters RCO —
—— ENP
— ENT
— CLK
—dqa LOAD
—dCLR

©

Functional Description

The 74163 macro is a 4-bit binary-loadable up counter with synchronous reset logic. The
enable input lines, ENP and ENT, and the ripple carry-out line, RCO, allow for multiple
macros to be cascaded. RCO goes HIGH when the maximum count of 15 has been reached
and ENT is HIGH. To enable and increment the counter value, you feed the RCO output to
the ENP and ENT inputs of the next counter stage. QD is the most significant counter bit.

® ®

Sample PDS Equivalent Function Table
QA.T = ((/CLR * QA) + (CLR * /LOAD

“/A* QA) + (CLR * /LOAD * /QA inputs Outputs

*A) + (CLR* ENP * LOAD * ENT)) Mode | CLK CLR Load ENP ENT | QD QC QB QA
QA clkf = CLK Clear | L L X X X QD QC QB QA
QB.T = ((/CLR * QB) + (CLR * /LOAD Clear| 7 L x X X | L L L L

*B)+(CLR* QA" (CLR * ENP Count| T H H H H Count Up

* LOAD * ENT))) Stop T H H L X QD QC QB QA

A

QB.olkf = CLK Stop T H H X L QD QC QB Q
QC.T = ((/CLR* QC) + (CLR * /LOAD * The RCO is HIGH when the counter output is 15 and ENT is HIGH.

*/C*QC) + (CLR * /LOAD * /QC Otherwise, it stays LOW.

*C)+(CLR*QB* QA * (CLR* ENP
* LOAD * ENT)))

QC.clkf = CLK

QD.T = ((/CLR * QD) + (CLR * /LOAD
*/D* QD) + (CLR * /LOAD * /QD
*D)+(CLR*QC*QB* QA" (CLR
* ENP * LOAD * ENT)))

QD.clkf = CLK

RCO=(QD*QC* QB* QA" ENT)
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74163 4-Bit Binary Counter w/ Synchronous Reset 74163

©

o]
&)

!
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7.2.2 LATCH MACH 2 series devices have special resources to

MACROS implement latch macros directly. MACH 1 series
devices implement the latch macros as combinatorial
functions.

7.2.3 MINIMIZATION During compilation, logic is replaced with its
DeMorgan equivalent if the latter implementation
is more economical.

important: When DeMorganized equivalents are
substituted for clocked macros, polarity inversion

occurs after the storage element. As a result, the
operation of the Set/Reset logic is reversed when
viewed at the pin.

To prevent this reversal, you use the NODE macro and
specify the NO_MIN attribute. Inhibiting minimization
also preserves the redundant hold used in latch designs
to prevent timing glitches.

7.2.4 REFERENCE Each instance of a macro in a schematic must have a

DESIGNATORS unique reference designator. Reference designators
are automatically assigned during the compilation
process.

Note: Each reference designator must be unique
across all levels of hierarchy, including the subsheets of
MACH macros.

The following types of reference designators are used
in the AMD-supplied macro libraries.

+  M? appears with combinatorial, TTL-equivalent,
and non-three-state buffer macros.

+ X? appears with storage and three-state macros.
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« 10? appears with the NODE and NC macros.

Tip: Error and warning messages include the reference
designator and net name of the flagged logic; therefore,
itis a good idea to name all nets in the design.

7.2.5 SIGNAL Use an alphanumeric string no longer than nine
NAMES characters for each signal name. Signal names are not
case sensitive.

Important: A slash, /, does not affect the polarity in a
schematic signal name.
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7.3 ANNOTATED
DATASHEET

This discussion presents an annotated datasheet to
illustrate the layout and information contained therein.
Chapter 8 contains datasheets for each of the TTL-
equivalent macros available in the MACH library. Each
lettered paragraph below corresponds to a circled letter
in the next two figures.

A. The feature summary is a bulleted list that
summarizes the logical features of the macro.

B. The logic symbol illustrates the macro pin names
and how they appear on the symbol.

C. The MACH resource summary lists the number of
resources consumed by a stand-alone macro. This
summary does not account for potential minimiza-
tion or conflicts with other logic in a design. The
following utilized resources are listed.

»  Macrocell count

* Array inputs

*  Product terms used

*  Product terms allocated

»  MACH-family restrictions, if applicable

D. The functional description explains the logical
operation of the macro, and corresponds to the
information presented in the function table. It also
indicates if the macro is a non-standard TTL
implementation.

E. The sample PDS equivalent represents the PDS file
that is generated when the macro schematic is
processed as a stand-alone design.

February 1991

CHAPTER 7, INTRODUCTION 7-17



F. The function table illustrates the functional
operation of the macro. Logic states are
represented as follows.

» 1 represents a logical 1, or HIGH state
« Orepresents a logical 0, or LOW state
« Xrepresents a don't-care condition
+ An arrow represents a rising edge

G. The schematic is a logical representation of the
macro circuit as created in OrCAD/SDT lil. The
following graphic changes have been made to
enhance the clarity of the schematics. No changes
have been made to the logic.

« Reference designators have been removed.

« Part values have been removed from non-
storage macros.

»  Module-port names have been relocated to a
position above the module-port symbol.

« Some pin names have been removed to
prevent crowding.
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74163 4-Bit Binary Counter w/ Synchronous Reset 74163

@ ©

e Synchronous 4-bit binary- Logic Symbol Macrocell count: 5
loadable up counter Array inputs: 12
—1A Qo Product terms used: 17
® Synchronous reset — (B: 8; — Product terms allocated: 20
® Carry look-ahead output for —D Q3 —
making wider counters RCO
— ENP
— ENT
— CLK
—q LOAD
—aCLR

©®

Functional Description

The 74163 macro is a 4-bit binary-loadable up counter with synchronous reset logic. The
enable input lines, ENP and ENT, and the ripple carry-out line, RCO, allow for multiple
macros to be cascaded. RCO goes HIGH when the maximum count of 15 has been reached
and ENT is HIGH. To enable and increment the counter value, you feed the RCO output to
the ENP and ENT inputs of the next counter stage. QD is the most significant counter bit.

® ®

Sample PDS Equivalent Function Table

QAT = ((/CLR * QA) + (CLR * /LOAD

*/A*QA) + (CLR * /LOAD * /QA inputs Outputs

*A) + (CLR * ENP * LOAD * ENT)) Mode | CLK CLR Load ENP ENT | QD QC QB QA
QA.clkf = CLK 8:ear IT- l': ;(( ;(( § QLD C:-C Cli-B QLA
QB.T = ((/CLR * QB) + (CLR * /LOAD ear

B o on- s [l 1§ L oX X |o.cs A

. E());l‘)c}sm?)? (CLR " ENP Sop [T H H L X | apacaB oA
QB.clkf = CLK Stop i) H H X L QD QC QB QA
QC.T = ((/CLR* QC) + (CLR * /LOAD * The RCO is HIGH when the counter output is 15 and ENT is HIGH.

- /C - QC) + (CLR * /LOAD */QC OIherMse. it stays LOW.

*C)+(CLR*QB* QA" (CLR * ENP
* LOAD * ENT)))

QC.clkf = CLK

QD.T = ((/CLR * QD) + (CLR * /LOAD
*/D* QD) + (CLR */LOAD * /QD
*D)+(CLR*QC*QB*QA* (CLR
* ENP * LOAD * ENT)))

QD.clkf = CLK

RCO=(QD*QC *QB* QA * ENT)
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7442 BCD-to-Decimal Decoder 7442

Co p—
C1 p— The 7442 macro decodes a 4-bit BCD input into a

—1a gg g: single active-LOW output. All outputs remain HIGH

—1B C4 b— for invalid inputs.

—C C5 p—

—jD Ccé6 p—
c7p—
c8 p—
co p—

7448 BCD-to-7-Segment Decoder 7448
] g; S — The 7448 macro decodes a 4-bit BCD input into a
— D4 cl— 7-segment-display format.

D8 DI—
—d BIN E—
—d R8I FI—
—aLT GI—

RBON P—

7477 4-Bit Latch 7477
—D1 a1t b— The 7477 macro is a 4-bit latch. The Q1 — Q4 outputs
—ip2 Q2}— follow the D1 — D4 input data when the G latch enable
—D3 Q3+— is set HIGH. When G is set LOW, the outputs latch
—D4 Q4l— the input data and further activity at D1 — D4 is

ignored.

G Note: The TTL version contains two 4-bit latches.

7482 2-Bit Full Adder 7482

2; g; [ The 7482 macro adds two 2-bit numbers using

carry look-ahead logic to generate the carry out, C2.
—B1
— B2
—C0 C2|—
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7483 4-Bit Full Adder 7483

The 7483 macro adds two 4-bit numbers using

I

—ha S4 carry look-ahead logic to generate the internal 2-bit
carry, G2, and the final carry out, C4.
&
] B3 Note: The first 2-bit addition is performed as shown
—B4 in the 7482 data sheet.
co C4l—

7485 4-Bit Magnitude Comparator 7485
—T%o The 7485 macro compares two 4-bit numbers, then
—1A1 activates one of the three outputs: A=B, A>B, or
v A<B. For cascaded 7485 macros, the least-

—Bo0 significant stage must have the A=B input HIGH
15 and the A>B and A<B inputs LOW.
—] 233 A<B |— Note: The TTL version functions differently when
M-8 A-BI— more than one cascading input is HIGH or when all
A8 A8 cascaded inputs are LOW.
7491 8-Bit Shift Register 7491
—A QH — The 7491 macro is an 8-bit serial-in serial-out shift
register. The serial-input stream is the result of
B logically ANDing inputs A and B.
D CLK
7494 4-Bit Shift Register 7494
P18
— 1 The 7494 macro is a 4-bit serial-in serial-out shift
—lpon register with asynchronous clear and synchronous
—1p28 preset logic.
(3
—lper Note: The TTL version has asynchronous preset
—{PE2 logic.
—CLR
—dqIN OouT b—
—P CLK
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7496 5-Bit Shift Register 7496
SER QA |— The 7496 macro is a 5-bit shift register that offers
] Q 82 [ access to each flip-flop’s input and output. The 5-
—Jc ap}— bit value at inputs A — E is preloaded into the shift
—1D QE[— register on the rising-edge of CLK when PE is HIGH.
—1E The preset function overrides the shift operation.
—b LK
—PE Note: The TTL version has asynchronous preset
—qCLR logic.
74116 4-Bit Latch w/ Clear 74116
—1ID1 Qf}b— The 74116 macro is a 4-bit latch with an
— 1p2 Q2}b— asynchronous reset.
——1D3 Q3 }—
— D4 Q41— Note: The TTL version contains two 4-bit
— G latches.
—a CLR
74138 3-to-8 Line Decoder 74138
—18 M - The 74138 macro decodes a 3-bit binary input
—C Y2 p— into a single active-LOW output. You can cascade
Y3 p— these macros to implement a decoder with up to
—a tg : 24 outputs via the three enable inputs: G1, G2A,
—dGeA Y6 b— and G2B.
—dqG2B Y7 p—
74139 2-to-4 Line Decoder 74139
—A YO bo— The 74139 macro decodes one of four active-LOW
— 1B Y1 bo— outputs depending on two data inputs. The active-
Y2 o— LOW enable input, G, can be used as an input
—da Y3 jo— when decoding more output lines.
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74147 10-to-4 Priority Line Encoder 74147

D2 The 74147 macro generates a 4-bit BCD output

code that represents the highest-order-LOW data
input. Priority encoding of the inputs ensures that
only the highest-order data-input line is encoded.

UL
i

74148 8-to-3 Priority Line Encoder 74148
—dD0 A0 p—
—9 8; :; P— The 74148 macro generates a 3-bit binary output
—dos - code that represents the highest-order-LOW data
—dD4 GSp— input. You can use the input enable, El, and output
—dDs enable, EO, to expand priority encoding.
—dDé6
—q D7
—dEt EO0Op—
74150 16-to-1 Multiplexer w/ Enable 74150
—]E0 Yp—
— The 74150 macro decodes four data-input lines to
— select one of 16 data sources. The enable input, G,
— must be LOW to enable the Y output.
E E15
=
pusnss § » ]
—q G
74151 8-to-1 Multiplexer w/ Enable 74151
a3
—1D2 The 74151 macro decodes three data-input lines to
5 select one of eight data sources. The enable input,
- ] G, must be LOW to enable the Y output.
—]D7
—A
—iB
—c
—qG
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74153 Dual 4-to-1 Multiplexer w/ Enable 74153
— g? Y1 p—
g2 The 74153 macro consists of two 4-to-1
—doo val— multiplexers with common data-select lines.
—D1 Each 4-to-1 multiplexer has an active LOW
52 strobe input line to enable the output.
—1A
—B
—qGi1
—aG2
74154 4-to-16 Line Decoder 74154
Yo p—
vep—
Bp— The 74154 macro decodes four data-input lines to
. ¥ select one of 16 active LOW outputs. You can use
—z k= the enable inputs, G1 and G2, to cascade multiple
5 vep— macros.
Y10 p—
Y11 p—
Y12 p—
Y13 p—
—q Gl Y4 p—
—q Y15 p—
74157 Quad 2-to-1 Multiplexer 74157
—A1 Y1 —
] E; vol— The 74157 macro selects one of two 4-bit words
—1B2 based on the level of the select line, SEL. The
o - enable input, G, must be LOW to enable the output
—Jlps vyal— lines. When G is HIGH, all the outputs are forced
—184 LOW regardless of the inputs.
—sEL
—dg
74158 Quad 2-to-1 Multiplexer 74158
—_— Q: Y1 p—
— A2 Y2p— The 74158 macro selects one of two 4-bit words
—_ Eg vab— based on the level of the select line, SEL. The
— 183 enable input, G, must be LOW to enable the output
A4 Yap— lines. When G is HIGH, all the outputs are forced
18 HIGH regardless of the inputs.
- gEL
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74162 4-Bit BCD/Decade Counter w/ Synchronous Reset 74162
—1A QA [— . .
—iB QB |— The 74162 macro is a 4-bit BCD-loadable up
—_|¢ ecr— counter with synchronous reset logic. The enable
RO input lines, ENP and ENT, and the ripple carry-
—ENP out line, RCO, allow for multiple macros to be
—|ENT cascaded.
—D CLK
—9q LOAD
—9CLR
74163 4-Bit Binary Counter w/ Synchronous Reset 74163
—]A Qo —
—B Qt — The 74163 macro is a 4-bit binary-loadable up
] 8 gg — counter with synchronous reset logic. The enable
RCO — input lines, ENP and ENT, and the ripple carry-out
—ENP line, RCO, allow for multiple macros to be
:fg& cascaded.
—oLOAD
—dCLR
74164 8-Bit Serial-In Parallel-Out Shift Register 74164
—A QA — . . L
—1B QB — The 74164 macro is an 8-bit serial-in parallel-out
Qc f— shift register with synchronous reset. The two serial
QD [— inputs, A and B, are logically ANDed.
QE—
—p CLK S Note: The TTL version has asynchronous reset logic.
—qCLR QHf|—
74165 Parallel-Load 8-Bit Shift Register 74165
e The 74165 macro is an 8-bit parallel-in serial-out
— shift register. Setting the inhibit input, CLKINH,
—D HIGH inhibits shifting and the registers retain their
—E current values. A parallel-load operation overrides
8 anl— the inhibit function.
W Note: The TTL version has two clock lines and
—{SHIFT asynchronous load logic.
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74166 8-Bit Parallel-In Serial-Out Shift Register 74166
—{ser
- The 74166 macro is an 8-bit parallel-in serial-out
s shift register with synchronous reset. Setting the
—E inhibit input, CLKINH, HIGH inhibits shifting and
— |4 the registers retain their current values.
—H oH L—
—box Note: The TTL version has asynchronous reset
—CLKINH logic.
—SHIFT
—49CLR
74192 4-Bit Up/Down BCD Counter 74192
—1a QA |— The 74192 macro is a 4-bit up/down BCD counter
‘_—‘_g 82 — with synchronous parallel load and asynchronous
—p Qb — reset logic.
R K[ Note: The TTL version has asynchronous parallel-
j LOAD load logic and uses the UP and DN inputs as two
— independent clock lines to control the direction of
CLK the count sequence.
74193 4-Bit Up/Down Binary Counter 74193
] S 83 — The 74193 macro is a 4-bit up/down binary counter
—1c ac — with synchronous load and asynchronous reset
—D Qb [— logic.
—jup  cop— Note: The TTL version has asynchronous parallel-
480 BOF load logic and uses the UP and DN inputs as two
—]CLR independent clock lines to control the direction of
—RCKK the count sequence.
74194 4-Bit Bidirectional Universal Shift Register 74194
] f“ QA |— The 74194 macro is a 4-bit bidirectional universal
-2 P= shift register with synchronous reset logic.
—p apf—
st Note: The TTL version has asynchronous reset
—P CLK logic.
—so
—st
—qCLR

February 1991
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74240 Octal Inverting Buffers w/ 3-State Outputs 74240
—qG1 v
—] ﬁ; y; b— The 74240 macro contains two groups of four
—A3 Y3 p— inverting buffers. Each group is enabled by an
A4 YAp— active-LOW input control line.
—qG2
—1B1 X1 p—
—1B2 X2 p—
—1B3 X3 p—
—1B4 X4 p—
74244  Octal Non-Inverting Buffers w/ 3-State Outputs 74244
—qG1
— A1 Y1 —
—A2 Y2 |— The 74244 macro contains two groups of four non-
] ﬁfj x — inverting buffers. Each group is enabled by an
active-LOW input control line.
—dqG2
—B1 X1 —
—B2 X2 —
—1B3 X3 —
—Bs  xa|—
74245 Octal Bus Transceivers w/ 3-State Outputs 74245
— A1 B1|—
—A2  B2|— . .
—1 A3 B3 |— The 74245 macro implements an 8-bit bus
— A4 B4I— transceiver. You can transmit data from bus A to
] 22 gg [ bus B or from bus B to bus A. The data-transfer
—1A7 B7 |— direction is controlled by the DIR control line. If the
— A8 B8 — enable input, G, is set HIGH, then the buses are
—da disabled and isolated.
—DIR
74259 8-Bit Addressable Latch 74259
—{D QOf— Th . . .
Qi — @ 74259 macro is an 8-bit addressable latch with
—1s0 Q2 b— asynchronous reset logic. The following four modes
—s1 Q3}— of operation are selectable via the CLR and G
—]S2 Q4[— inputs: addressable latch, memory, active-HIGH
Q5 [— 3-to-8 demultiplexer, reset.
—49CLR Q7|—
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74273 Octal D-Type Flip-Flops 74273
—{D1 Qi p—
2 Er— The 74273 macro is an octal D-FF bank with
—Ips Qal— asynchronous reset logic.
— D5 05—
—D6 Q6|—
—o7 a7f—
—D8 08—
—p CLK
—4qCLR
74280 9-Bit Parity Generator/Checker 74280
) The 74280 macro is a combinatorial circuit that
—cC generates or checks for even parity on nine data
] g lines. Odd parity is obtained by taking the
—F inversion of the EVEN parity output.
—G
_ﬁ :..‘
74298 Quad 2-to-1 Multiplexer with Storage 74298
—at  oAl—
I R The 74298 macro selects one of two 4-bit words
—iB2 and stores each bit in a register on the rising edge
—_] g; ac— of CLK.
—{p1 apf—
— D2
:>V¥DSI.K

74299X 8-Bit Bidirectional Universal Shift Register 74299X

888

QD
QF
QH

gIo‘nmoow>%
898

p CLK
SO
$1

AL L

CLR

The 74299X macro is composed of two 74194s
connected to form an 8-bit bidirectional universal
shift register with synchronous reset logic.

Note: The TTL version has three-state bidirectional
I/Os that serve as the parallel-load inputs as well
as the Q outputs.
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74373 Octal D-Type Latches with 3-State Outputs 74373
—JD0  Qof—
18 S l—= The 74373 macro is an octal D latch with an
—iD3 Q3|— active-LOW enable input.
—D4 Q4 [—
—1D5 Q5|—
—D6 Q6 —
—JD7 Q7 f}—
—q0C
—_— c
74374 Octal D-Type Flip-Flops with 3-State Outputs 74374
o S The 74374 macro is an octal D-type register with an
—1{D3 Q3f}— active-LOW enable input.
—1D4 Q4|—
—{D5 Q5(—
—1D6 Q6 }—
—D7 Q7{—
—O) oc
—DCLK
74518 8-Bit Identity Comparator 74518
—fFo EaUAL}—
— The 74518 macro compares two 8-bit numbers and
— sets the EQUAL output HIGH if the two numbers
_gz are equal. The enable input, G, must be held LOW
= l to enable the EQUAL output.
38
—G
74521 8-Bit Identity Comparator 74521
—{PoEQUALp-
= The 74518 macro compares two 8-bit numbers and
= sets the EQUAL output LOW if the two numbers
__z; are equal. The enable input, G, must be held LOW
- to enable the EQUAL output.
3&
G
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ADD1 1-Bit Full Adder ADD1

The ADD1 macro adds two 1-bit numbers. You can
Ao S0 — use the carry-out and carry-in signals to cascade
Bo multiple adders

CIN COUT |—

| 1

AINIT Implicit Preset and Reset AINIT

The AINIT macro specifies the asynchronous
— AP preset and reset functions for all of the associated
three-terminal flip-flops and latches.

AND AND Gates AND

The AND2 thru AND16 macros are AND gates

D-— with two to 16 inputs.

L P

AND2 AND16

BUF Buffer BUF

____D__ The BUF macro is a single input non-inverting
buffer.
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DECODE4 2-to-4 Line Decoder DECODE4
The DECODE4 macro decodes one of four active-
—A YO — HIGH output lines depending on the 2-bit data
—B Y inputs. The enable input, G, must be LOW to
Y2 — activate the decoder. You can use the enable
—qG Y3 — inputs to cascade multiple decoders.
DFF D Flip-Flop DFF
|
b SD The DFF macro is a five-terminal D-type flip-flop.
Qr—
—>C
RD
I
DLAT D Latch DLAT
|
SD The DLAT macro is a five-terminal latch with an
—D active-high latch input.
Q SE——
—L
RD
T
DLATX D Latch DLATX
l
) The DLATX macro is a five-terminal latch with an
—D active-low latch input.
Q ———
—0 L
RD
I
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FD

D Flip-Flop

FD

The FD macro is a three-terminal D-type flip-flop.

| Use the AINIT macro to specify the asynchronous
Q preset and reset functions.

T Flip-Flop

The FT macro is a three-terminal T-type flip-flop.

al— Use the AINIT macro to specify the asynchronous

preset and reset functions.

INV, I

Inverters

INV, |

Y

INV

i

12

The INV macro is a single input inverter.

The 12 through 18 macros are banks of
inverters with two to eight elements.

LD

D Latch

LD

The LD macro is a three-terminal latch with an
active-high latch input. Use the AINIT macro to
specify the asynchronous preset and reset functions.

February 1991
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LDX D Latch LDX
The LDX macro is a three-terminal latch with an
—D active-low latch input. Use the AINIT macro to
Qr— specify the asynchronous preset and reset functions.
_.O L
MUX2 2-to-1 Multiplexer w/ Enable MUX2
— 1A Y1 b— The MUX2 macro decodes one data-input line to
—1B1 | select one of two data sources. The enable input,
G, must be LOW to enable the Y1 output.
— SEL —
—a G
MUX4 4-to-1 Multiplexer w/ Enable MUX4
D1 The MUX4 macro decodes two data-input lines to
— D2 select one of four data sources. The enable input,
— D3 G, must be LOW to enable the Y output.
—A
—8B
—aq G
NAND NAND Gates NAND
= The NAND2 thru NAND16 macros are NAND
:Do— o :Do— gates with two to 16 inputs.
NAND2 NAND16

8-14
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NC

No Connect NC

The NC macro terminates unused outputs from
other macros.

NODE

Node NODE

The NODE macro forces a signal to an internal
node and provides attributes for specifying
node #, blockname, and no minimization.

When connected to a module port, this macro
does not force an intarnal node, but provides

an attribute for specifying the pin #.

NOR Gates NOR

NOR2 NOR16

The NOR2 through NOR16 macros are NOR
gates with two to 16 inputs.

NTRST

Inverting Three-State Buffer NTRST

L

The NTRST macro is an inverting three-
state buffer.

February 1991
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OR OR Gates OR
The OR2 through OR16 macros are OR gates
:D— oo with two to 16 inputs.
OR2 OR16
TFF T Flip-Flop TFF
l
T SD The TFF macro is a five-terminal T-type flip-flop.
O —
___> Cc
RD
I
TRST Three-State Buffer TRST
The TRST macro is a non-inverting three-
state buffer.
XNOR XNOR Gates XNOR
The XNOR2 through XNOR4 macros are XNOR
:)Do. ceoe gDo_ gates with two to four inputs.
XNOR2 XNOR4

8-16
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XOR XOR Gates XOR

The XOR2 through XOR4 macros are XOR gates

:;)D_ o 3D_ with two to four inputs.

XOR2 XOR4
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7442

BCD-to-Decimal Decoder

7442

e Active-LOW outputs

Functional Description

remain HIGH for invalid inputs.

Logic Symbol

oOO0m>»

Co
C1
C2
C3
C4
C5
C6
c7
C8
C9

TTTTTITTT

Macrocell count:
Array inputs:
Product terms used:
Product terms allocated: 40

The 7442 macro decodes a 4-bit BCD input into a single active-LOW output. All outputs

10
4
10

Sample PDS Equivalent  Function Table
ggﬂgg,;g,;g,% Value | BCD Inputs Decimal Outputs
C7-/D*C*B"A) D CBA|COC1C2C3C4C5C6C7C8C9
C6=/(/D* C*B*/A) 0 LLLL|LHHHHHHHMHIH
C5=/(/D*C*/B*A) 1 LLLHIHLHHHMHHHMHH
C4=/(/D*C*/B*/A) 2 L LHL HHLHHHHHMHH
C3=/(/D*IC*B* Ay 3 LLHH|HHHLHHHUHMHH
C2-//D*/C*B*/A 4 LHLL|HHHHLHHHMHH
( ) 5§ |[LHLH|HHHHHLHEHTHEH
C1=/(/D*/C*/B*A)
6 LHHL|HHHHHHLUHHIH
CO=/(/D*/C*/B*IA) 7 |LHHH|HHHHHHHLHH
8 HLLL|HHHHHHHHTLH
9 HLLH|HHHHHHHUHIHL
100 |HLHL|HHHHHHHUHMHH
1" |HLHH|HHHHHHHHHH
12 |HHLL|HHHHHHHHMHH
3 [HHLH|HHHHHHHHMHH
14 [HHHL|HHHHHHHHMHH
5 | HHHH| HHHHHHHHMHH
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7442 BCD-to-Decimal Decoder 7442

9]
©

0

0
N

(o]
(]

(o]
o

O
]

[e]
N

[e]

[o]

9999999%%

¥

i
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7448

BCD-to-7-Segment Decoder

7448

e Lamp-test feature

© |Leading- and trailing-zero
blanking

Functional Description

The 7448 macro decodes a 4-bit BCD input into a 7-segment-display format. To turn off all
display segments, you can set the lamp-test input, LT, LOW. When the blanking input, BIN, is
set LOW, all segments are turned off regardless of the BCD inputs. When the ripple-blanking
input, RBI, and all BCD inputs are set LOW, and LT is set HIGH, all segments and the ripple-
blanking outputs, RBO, are turned off. You can connect the RBO to the RBI of adjacent 7448

Wbl

Logic Symbol

D1
D2
D4
D8
BIN
RBI
LT

RBO

OTMMOOm>»

TTTTTTT]

=z

macros to turn off leading or trailing zeros.

Sample PDS Equivalent

A =/((/(/(D2* LT) * (BIN * RBON)) * /(/D8
* (BIN* RBON))) + (/(D1 * LT) * /(/(D4 * LT)
* (BIN * RBON))) + (/(/(D1 * LT) * (BIN
* RBON)) * /(D2 * LT) * /D4 * LT) * /D8))

B =/(/(/(D2* LT) * (BIN * RBON)) * /(/D8
* (BIN * RBON))) + (/(/(D1 * LT) * (BIN
* RBON)) * /(D2 * LT) * /(/(D4 * LT) * (BIN
* RBON))) + (/(D1 * LT) * /(/(D2 * LT) * (BIN
* RBON)) * /(/(D4 * LT) * (BIN * RBON))))

C =/(/(/D4 * LT) * (BIN * RBON)) * //D8
* (BIN * RBON))) + (/D1 * LT) * (/(D2
*LT) * (BIN * RBON)) * /(D4 * LT)))

D =/((/(/(D1*LT) * (BIN * RBON)) * /(D2
“LT) * /(D4 * LT)) + (/(D1*LT) * /(D2
*LT) */(/(D4 * LT) * (BIN * RBON)))

+ (/(/(D1 * LT) * (BIN * RBON)) * /(/(D2
*LT) * (BIN * RBON)) * /(/(D4 * LT)
* (BIN * RBON))))

E =/(/(/(D1 *LT) * (BIN * RBON)) + (/(D2
*LT) */(/(D4 * LT) * (BIN * RBON))))

RBON = /(LT * /RBI* /D8 * /(D4 * LT)
*/{D2*LT)* /D1 *LT) F =/(/(/(D1
*LT) * (BIN * RBON)) * /(/(D2 * LT)

* (BIN * RBON))) + (/(/(D2 * LT) * (BIN
* RBON)) * /(D4 * LT)) + (/(/(D1 * LT)
* (BIN * RBON)) * /(D4 * LT) */D8))

G = /((/(/(D1 * LT) * (BIN * RBON)) * /(/(D2
*LT) * (BIN * RBON)) * /(/(D4 * LT)

* (BIN * RBON))) + (/(D2 * LT) * /(D4 * LT)
* /D8 * LT))

Function Table

Macrocell count:
Array inputs:

Product terms used:
Product terms allocated: 48

8
8
32

Inputs Outputs
Dec LT RBI| D8 D4 D2 D1 |RBO BIN| ABCDE FG
0 H H L LLL H H|HHHHHHL
i1 H X LLLH|H HILHHLLLL
2 H X L LHL H H|HHLHHLH
3 H X LLHH|]H HJHHHHLLH
4 H X LHLL|H H|LHHLLHH
5§ H X LHLH H H|{HLHHLHH
6 H X LHHL|H H|LLHHHHH
7 H X L HHH H HIHHHLLLL
8 H X HLLL H H|HHHHHHH
9 H X HLLH H H|{HHHLLHH
10 H X|HLHL|H H|[LLLHHLH
11 H X H L HH H H|LLHHLLH
12 H X HHLL H H|LHLLLHH
13 H X|HHLH|H H|HLLHLHH
14 H X HHHL H H|{LLLHHHH
15 H X |HHHH]IH HJLLLLLLL
BIN X X [ X X X X L XjLLLLLLtL
RBI H L L LLL X LjLLLLLLL
LT L X X X X X H H{HHHHHHH
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7448 BCD-to-7-Segment Decoder 7448

D1

@#%?#

D2

UU

—{ >
D4 |
— s
1
—\ | J
— =B
D8 [ o
]l N\ j : D
DS —
1
),

BIN i/
:*‘FDJ

=
UU?Q%
77

B
0
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Functional Description

activity at D1 — D4 is ignored.

Note:
The TTL version contains two 4-bit latches.

7477 4-Bit Latch 7477
e Enable input Logic Symbol Macrocell count: 4
Array inputs: 9
—D1 Qt[— Product terms used: 8
—D2 Q22— Product terms allocated: 16
—D3 Q3|—
—1D4 Q4[—
—G

The 7477 macro is a 4-bit latch. The Q1 — Q4 outputs follow the D1 — D4 input data when the
G latch enable is set HIGH. When G is set LOW, the outputs latch the input data, and further

Sample PDS Equivalent Function Table (for 1 bit)
Q1 = ((Q1 * VCC * /G) + (VCC * GND) + (VCC * G * D1)
+(D1°VCC* Q1)) Inputs | Outputs
Q2 =((Q2* VCC * /G) + (VCC * GND) + (VCC * G * D2) G D Q
+(D2*VCC* Q2)) H H H
Q3 = ((Q3* VCC * /G) + (VCC * GND) + (VCC * G * D3) E )"(' go
+(D3*VCC* Q3))
Q4 = ((Q4 * VCC * /G) + (VCC * GND) + (VCC* G * D4) * Qo = previous state of Q
+(D4* VCC* Q4))
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7477 4-Bit Latch 7477

e Enable input Logic Symbol Macrocell count: 4
Array inputs: 9
—D1 Q1 — Product terms used: 8
—D2 Q2 — Product terms allocated: 16
—D3 Q3|—
—D4 Q4—
—G

Functional Description

The 7477 macro is a 4-bit latch. The Q1 — Q4 outputs follow the D1 — D4 input data when the
G latch enable is set HIGH. When G is set LOW, the outputs latch the input data, and further
activity at D1 — D4 is ignored.

Note:
The TTL version contains two 4-bit latches.

Sample PDS Equivalent Function Table (for 1 bit)
Q1 = ((Q1 * VCC * /G) + (VCC * GND) + (VCC * G * D1)
+(D1°VCC Q1) Inputs | Outputs
Q2 = ((Q2 * VCC * /G) + (VCC * GND) + (VCC* G * D2) GD Q
+(D2* VCC* Q2)) H H H
Q3 =((Q3*VCC */G) + (VCC * GND) + (VCC * G * D3) H H H
+(D3*VCC * Q3)) L X] Qo
Q4 =((Q4* VCC * /G) + (VCC * GND) + (VCC * G * D4) * Qo = previous state of Q
+ (D4 * VCC * Q4))

February 1991 CHAPTER 8, MACRO AND SCHEMATIC DATASHEETS 8-23



Functional Description

The 7482 macro adds two 2-bit numbers using carry look-ahead logic to generate the carry

out, C2.

Sample PDS Equivalent

S1 = (A1 :+:B1 :+:CO)

S2 = (A2 :+: B2 :+: ((A1* B1)
+(CO * (A1 :+:B1)))

C2 = ((((A1 * B1) + (CO * (A1 :+: B1)))
* (A2 :+: B2)) + (A2 * B2))

7482 2-Bit Full Adder 7482
e Carry output and input Logic Symbol Macrocell count: 3
Array inputs: 5
— A1 S1— Product terms used: 23
—1A2 S2[— Product terms allocated: 24
—B1
— B2
—C0 C2|—

Function Table
inputs Outputs
Co=L C0=H

A2 A1 | B2 B1 | C2 S2 S1 | C2 S2 Si1
L L L L L L L L L H
L L L H L L H L H L
L L H L L H L L H H
L L H H L H H H L L
L H L L L L H L H L
L H L H L H L L H H
L H H L L H H H L L
L H H H H L L H L H
H L L L L H L L H H
H L L H L H H H L L
H L H L H L L H L H
H L H H H L H H H L
H H L L L H H H L L
H H L H H L L H L H
H H H L H L H H H L
H H H H H H L H H H
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7482 2-Bit Full Adder 7482

Lk

TT

S1

A1
81
co
A2
B2
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Functional Description

The 7483 macro adds two 4-bit numbers using carry look-ahead logic to generate the

7483 4-Bit Full Adder 7483
e Carry output and input Logic Symbol Macrocell count: 6
Array inputs: 10
Al S1— Product terms used: 46
—1A2 S2|— Product terms allocated: 48
—A3 S3|—
—1A4 S4|—
—1B1
—1 B2
—B3
—1B4
—C0 C4—

internal 2-bit carry, C2, and the final carry out, C4.

Note: The first 2-bit addition is performed as shown in the 7482 data sheet.

Sample PDS Equivalent

S1 = (A1 :+: B1 :+: CO)

S2 = (A2 :+: B2 :+: ((A1* B1)
+(CO* (A1 :+:B1))

C2 =(((A1* B1)
+(CO* (A1 :+:B1))) * (A2 :+: B2))
+(A2* B2))

S3 =(C2 :+: A3 :+: B3)

S4 = (Ad +: B4 +:((C2 * (A3 :+: B3))
+(A3* B3)))

C4 = ((((C2 * (A3 +: B3))
+ (A3 B3)) * (A4 :+: B4)) + (A4 * B4))

Function Table
Inbut Outputs
nputs (second 2-bit stage*)
C2=L C2=H

A4 A3 |B4 B3 |C4 S4 S3 |C4 S4 s3
L LjL L] L L L}JL L H
L LJL H|J L L H|L HIL
L LjH L]L HL|]L HH
L L{H H|L HH|H L L
L HfL L] L L H]L HL
L H{L H] L HLJ]L HH
L H{H L] L HH|H L L
L H{H H|H L L|H L H
H L|L L|L HL|L HH
H LIL H]L HH|H L L
H L|JH L|H L L|JH L H
H LIJH H|H L HIH HL
H HIL LjL HHIH L L
H HiL H| H L L|H L H
H HIH LIH L HIH HL
H HIH H|H HL|H HH
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7483 4-Bit Full Adder 7483
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7485 4-Bit Magnitude Comparator 7485

e Equal to, greater than,
and less than three
cascadable compare inputs

Functional Description

The 7485 macro compares two 4-bit numbers, then activates one of the three outputs: A=B,
A>B, or A<B. For cascaded 7485 macros, the least-significant stage must have the A=B input
HIGH and the A>B and A<B inputs LOW. For intermediate stages, connect the outputs of a
previous stage to the A=B, A>B, and A<B inputs.

Note:

The TTL version functions differently when more than one cascading input is HIGH or when

all cascaded inputs are LOW.

Sample PDS Equivalent
STG32 = (/(A3 :+: B3) * (A2 :+: B2))
AEQBO = (AEQBI * STG32 * STG10)
STGA2 = ((AGTBI + (A3 * /ALTBI * /B3))
+ (A2 * /(ALTBI + (B3 * /AGTBI * /A3))
* /B2)
STGB2 = ((ALTBI + (B3 * /AGTBI * /A3))
+(B2 * /(AGTBI + (A3 * /ALTBI * /B3))
* I1A2))
STG10 = (/(A1 :+: B1) * /(AO :+: B0))
AGTBO = ((STGA2 + (A1 */STGB2
*/B1)) + (A0 * (STGB2 + (B1
* ISTGA2 */A1)) * /BO))
ALTBO = ((STGB2 + (B1 * /STGA2
*/A1)) +(BO * (STGA2 + (A1
* ISTGB2 */B1)) * /A0))

Logic Symbol

A<B
A=B
A>B

Macrocell count: 7
Array inputs: 15
Product terms used: 25

Product terms allocated: 28

Function Table
Comparing Comparing
Inputs Inputs Outputs

A3,B3 | A2,B2 | A1,B1| A0,BO | A>B A<B A=B| A>B A<B A=B
A3>B3 X X X X X X H L L
A3<B3 X X X X X X L H L
A3=B3 | A2>B2 X X X X X H L L
A3=B3 | A2<B2 X X X X X L H L
A3=B3 | A2=B2 | A1>B1 X X X X H L L
A3=B3 | A2=B2 | A1<B1 X X X X L H L
A3=B3 | A2=B2 | A1=B1{A0>B0| X X X H L L
A3=B3 | A2=B2 | A1=B1|A0<BO| X X X L H L
A3=B3 | A2=B2 | A1=B1| A0O=B0O| H L L H L L
A3=B3 | A2=B2 | A1=B1|A0=BO| L H L L H L
A3=B3 | A2=B2| A1=B1{A0=B0| L L H L L H
Invalid Conditions
A3=B3 | A2=B2 | A1=B1| A0O=B0O| X X H X X X
A3=B3 | A2=B2| A1=B1]A0=BO} H H L X X X
A3=B3 | A2=B2 | A1=B1]A0=BO} L L L X X X
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Functional Description

Sample PDS Equivalent
X2_D=(A"*B)
X2_D.clkf = CLK
X3_D=X2_D
X3_D.clkf = CLK
X4_D=X3_D
X4_D.clkf = CLK
X4_Q=X4_D
X4_Q.clkf = CLK
X6_D =X4_Q
X6_D.clkf = CLK
X7_D=X6_D
X7_D.clkf = CLK
X8_D = X7_D
X8_D.clkf = CLK
QH = X8_D
QH.clkf = CLK

7491 8-Bit Shift Register 7491
e Two serial-input lines Logic Symbol Macrocell count: 8
Array inputs: 9
A QH— Product terms used: 8
B Product terms allocated: 32
—>DcLK

The 7491 macro is an 8-bit serial-in serial-out shift register. The serial-input stream is the
result of logically ANDing inputs A and B.

Function Table
Inputs | Outputs
CLK A B Q
T HH H
T L X L
T X L L
L X X Qo
+ Q= (AT TIME t+8)
Qo = previous state of Q
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7491 8-Bit Shift Register 7491
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7494

4-Bit Shift Register

7494

e Synchronous preset
o Dual preset inputs

® Asynchronous reset

Functional Description

The 7494 macro is a 4-bit serial-in serial-out shift register with asynchronous clear and

synchronous preset logic.

You can select either 4-bit preset value by setting one preset-enable input, PE1 or PE2,
HIGH. If you set both HIGH, then the preset value is the OR of the two sets of data inputs.

Logic Symbol

P1A
P1B
P1C
P1D

P2A
P2B
P2C
P2D

PE1

PE2
CLR

IN
D CLK

ouT —

The preset function overrides the shift operation.

Note: The TTL version has asynchronous preset logic.

Sample PDS Equivalent

M1_OUT = ((P1A * PE1) + (P2A * PE2)
+(/PE2* /PE1*IN))

M1_OUT.clkf = CLK

M1_OUT.rstf = CLR

M2_OUT = ((P1B * PE1) + (P2B * PE2)
+(/PE2* /PE1* M1_OUT))

M2_OUT.clkf = CLK

M2_OUT.rstf = CLR

M3_OUT = ((P1C * PE1) + (P2C * PE2)
+(/PE2* /PE1 * M2_OUT))

M3_OUT.clkf = CLK

M3_OUT.rstf = CLR

OUT = ((P1D * PE1) + (P2D * PE2)
+(/PE2* /PE1* M3_OUT))

OUT.clkf = CLK

OUT.rstf = CLR

Macrocell count:
Array inputs:
Product terms used:

Product terms allocated: 16

Function Table

4
15
12

Inputs

Outputs

PE1 P1A PE2 P2A

Resulting Preset Value

IIrXTIITIXXrr

IrrXXrerIirrXxXX
ITIXIITIIEXIrXXrXr

eI e X X[eEXr X

IrrIjTrrIjreer
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7496 5-Bit Shift Register 7496

e Synchronous preset Logic Symbol Macrocell count: 5
Array inputs: 12
® Asynchronous reset —SER QA— Product terms used: 10
—A QB — Product terms allocated: 20
® Parallel-to-serial converter —B8 QCr—
—C Qb —
® Serial-to-parallel converter — 2 QE —
— CLK
—PE
—qCLR

Functional Description

The 7496 macro is a 5-bit shift register that offers access to each flip-flop’s input and output.
The 5-bit value at inputs A — E is preloaded into the shift register on the rising-edge of CLK
when PE is HIGH. The preset function overrides the shift operation.

Note:
The TTL version has asynchronous preset logic.

Sample PDS Equivalent  Function Table

QA = ((A* PE) + (/PE * SER))

QAclkf = CLK Inputs Outputs

QA.rstf = /CLR CLRPE A BCD ECLKSER| QA QB QC QD QE
QB = ((B * PE) + (/PE * QA)) L L XXXXX X X|]L L L L L

QB.clkf = CLK H HHHHHH T X H H H H H

QB.rstf = /CLR H HLLHHL T X L L H H L

QC = ((C * PE) + (/PE * QB)) H HLLLLL L X |QAOQBOQCO QDO QEO
QC.clkf = CLK H L XX XX X L X |QA0O QB0 QCO QDO QEO
QC.rstf = /CLR H L XXXXX T L L QA0 QB0 QCO QDO
QD = (D * PE) + (/PE * QC)) H L XXXXX T H H QA0 QBO QCO QDO
QD.clkf = CLK * QAo to QEo = previous state of registers QA to QE

QD.rstf =/CLR

QE = ((E * PE) + (/PE * QD))

QE.clkf = CLK

QE.rstf = /CLR
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5-Bit Shift Register 7496
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74116 4-Bit Latch w/ Clear 74116
e Asynchronous reset Logic Symbol Macrocell count: 4
Array inputs: 10

—D1 Q1 — Product terms used: 8
—D2 Q2|— Product terms allocated: 16
—D3 Q3|—
——D4 Q41—
—G
—q CLR

Functional Description

The 74116 macro is a 4-bit latch with an asynchronous reset.

Note: The TTL version contains two 4-bit latches.

Sample PDS Equivalent

Q1 = ((Q1 * CLEAR* /G) + (CLEAR * GND)
+(CLEAR* G* D1) + (D1 * CLEAR* Q1))

Q2 = ((Q2 * CLEAR* /G) + (CLEAR * GND)
+(CLEAR* G * D2) + (D2 * CLEAR * Q2))

Q3 =((Q3 * CLEAR* /G) + (CLEAR * GND)
+(CLEAR* G * D3) + (D3 * CLEAR * Q3))

Q4 = ((Q4 * CLEAR * /G) + (CLEAR * GND)
+(CLEAR* G * D4) + (D4 * CLEAR * Q4))

Function Table
Inputs Outputs
CLR G D Q
H L X L
L H H H
L H L L
L L X Qo*

* Qo = previous state of Q
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74138 3-to-8 Line Decoder 74138

e Active LOW outputs Logic Symbol Macrocell count: 8
Array inputs: 6
® Three enable inputs —1A Yo p— Product terms used: 8
—]B Yip— Product terms allocated: 32

—C Y2 p—

Y3

Y4 p—

—1 G Y5 p—

—dadG2A Y6 p—

—aG2B Y7 p—

Functional Description
The 74138 macro decodes a 3-bit binary input into a single active-LOW output.

You can cascade these macros to implement a decoder with up to 24 outputs via the three
enable inputs, G1, G2A, and G2B.

Sample PDS Equivalent Function Table

Y7 = ((G1*/G2A * /G2B) * (C* B* A))

Y6 = ((G1* /G2A * /G2B) * (C * B* /A)) Inputs Outputs

Y5 = ((G1* /G2A * /G2B) * (C * /B * A)) Enable | Select

Y4 = ((G1* /G2A * /G2B) * (C* /B * /A)) G1 G2*| C | B A|YOY1Y2Y3Y4Y5Y6Y7

Y3 =((G1*/G2A*/G2B)* (/C* B* A)) X H]X|X X|HHHHHHHH

Y2 = ((G1 * /G2A * /G2B) * (/C * B * /A)) L X|X|X X|HHHHHHHH

Y1 =((G1*/G2A * /G2B)* (/C * /B * A)) H L]L|L L|LHHHHHHH

YO = ((G1 * /G2A * /G2B) * (/C * /B * /A)) H L]JL|{L HIHLHHHHHH
H L|{L|[HL|/HHLHHHHH
H L|{L|HH|/HHHLHHHH
H L|H|L L|HHHHLHHH
H L|H|L H{HHHHHLHH
H L|H|{HL|HHHHHHLH
H L|H|HH|/HHHHHHHL
*G2=G2A + G2B
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74139 2-to-4 Line Decoder 74139

e Enable input Logic Symbol Macrocell count: 4
Array, inputs: 3
—A Y0 o— Product terms used: 4
—B Y1 po— Product terms allocated: 16
Y2 o—
—a G Y3 o—

Functional Description

The 74139 macro decodes one of four active-LOW outputs depending on two data inputs.
The active-LOW enable input, G, can be used as an input when decoding more output lines.

PDS Equivalent Function Table

Y3=/(/G*B*A)

Y2 = /(/G* B* /A) Inputs Outputs

Y1=/(/G*/B*A) Enable| Select

YO = /(/G* /B * /A) G [B|A[Y0 Y1 Y2 Y3
H X| X|]H H H H
L L|L|L H H H
L L{H|H L H H
L H]L|IH H L H
L H|{H|H H H L
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74147

10-to-4 Priority Line Encoder

74147

Logic Symbol

UL

D1
D2
D3
D4
D5
D6
D7
D8
D9

OOw>»

TTTT

Functional Description

The 74147 macro generates a 4-bit BCD-output code that represents the highest-order-
LOW data input. Priority encoding of the inputs ensures that only the highest-order

data-input line is encoded.

Sample PDS Equivalent

A =((/D1*D2*D4"* D6 " /(/D8 +/D9))
+(/D3* D4 * D6 * /(/D8 +/D9)) + (/D5
* D6 * /(/D8 + /D9)) + (/D7 * /(/D8
+/D9)) + /DY)

B = ((/D2* D4 * D5 * /(/D8 + /D9)) + (/D3
* D5 * D4 * /(/D8 +/D9)) + (/D6 * /(/D8
+/D9)) + (/D7 * /(/D8 + /D9)))

C = ((/D4 * /(/D8 + /DQ)) + (/D5 * /(/D8
+/D9)) + (/D6 * /(/DM8 + /D9)) + (/DM7
* /(/D8 + /D9)))

D = (/D8 + /D9)

Macrocell count: 4
Array inputs: 9
Product terms used: 13

Product terms allocated: 20

Function Table

Inputs Outputs
D1D2D3ID4D5D6D7D8D3| D C B A
HHHHHHHHH|HHHH
XX XXX X X X L}JLHHL
X X X XX X X LH]LHHH
X X X XX X LHH]|HLLL
X X X XX LHHH]|HLTLH
X X XX LHHHH]|HLMHL
X XX LHHHHH|HLHH
XX LHHHHHH|HHTLIL
X LHHHHHHHIHHLH
LHHHHHHHH|HHHL
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74148

8-to-3 Priority Line Encoder

74148

e Enable input and output for

cascading

Functional Description

The 74148 macro generates a 3-bit binary output code that represents the highest-order-
LOW data input. You can use the input enable, El, and output enable, EO, to expand priority

encoding.

PDS Equivalent

EO=(D0*D1*D2*D3*D4*D5
* D6 * /EI * D7)

GS = (EO + El)

A0 =/(D2*/D1* D4 * D6 * /El) + (/D3
* D4 * D6 * /El) + (/D5 * D6 * /El)
+(/D7 * [El))

A1=/(/D2* D4 * D5 * /El) + (/D3 * D4
* D5 * /El) + (/D6 * /El) + (/D7 * /EI))

A2 = /((/D4 * /EI) + (/D5 * /EI) + (/D6
* JEl) + (/D7 * /El))

Logic Symbol
—aD0 A0 p—
—a D1 Al p—
—aqD2 A2p—
—q D3

—qD4 GSp—
—aDs

—-q D6

—a D7

—a E1 EO p—

Function Table

Macrocell count: 5
Array inputs: 10
Product terms used: 12

Product terms allocated: 20

Inputs Outputs
E1/D0 D1 D2 D3 D4 DS D6 D7{A2 A1 AO{GS E1
HiX X X X X X X X{HH H|[H H
LIHH HHHHHMH|HHH[H L
LIX X X X X X X L|L L Lf{L H
LIX X X X X X L HjL L HJL H
LIX X X X XL HH|L HL|L H
LIX X X X LHHHILHH|LH
LIX X X L HHHHJIH L L|L H
LI X X L HHHHMHIHL H|L H
L|X L HHHHHH|HHL|L H
LILHHHHHHH|{HHH[L H
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74150 16-to-1 Multiplexer w/ Enable

74150

e Enable input Logic Symbol

® Inverted outputs

m
-
n

Functional Description

The 74150 macro decodes four data-input lines to select one of 16 data sources. The enable

input, G, must be LOW to enable the Y output.

Sample PDS Equivalent

LOW = ((E7*A*B*C*(/D*/G)) + (E6* /A
*B*C*(/D*/G))+(ES*A*/B*C*(ID
*/G))+(E4*/A*/B*C* (/D*/G)) + (E3
*A*B*/C*(/D*/G))+(E2*/A*B*/C
*(/D*/G))+(E1*A*/B*/C* (ID"* /G))
+(EO*/A*/B*/C*(ID*/G))

HIGH = (E15*A*B*C* (D */G)) + (E14* /A
*B*C*(D*/G))+(E13*A*/B*C*(D
*/G))+(E12*/A*/B*C* (D */G)) + (E1
*A*B*/C*(D*/G)) +(E10*/A*B*/C
*(D*/G)) +(E9*A*/B*/C*(D*/G)) +(E8
*/A*/B*/C* (D */G))

Y = (LOW + HIGH)

Macrocell count:
Array inputs:

Function Table

Product terms used:
Product terms allocated: 20

3
23
17

Inputs

Outputs

Select

Strobe

Y

ITIXIIXIrxrrrrrrrrrrX|o

IIXIrrrcrITIITIrrreXx|io
IXTrrIIrmTrIIrrIIrrX|m
IrIrIrIrIrIrIrIr-X|>»

rrrrreeecececrrrcrerecIie

H
EO
E1
E2
E3
E4
ES
E6
E7
E8
EQ

E10
E11
E12
E13
E14
E15
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74150 16-to-1 Multiplexer w/ Enable 74150
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74151 8-to-1 Multiplexer w/ Enable

74151

e Enable input Logic Symbol

— DO
D1
D2
D3
D4

Y

Functional Description

Macrocell count:

Array inputs:
Product terms used:
Product terms allocated: 8

The 74151 macro decodes three data-input lines to select one of eight data sources. The
enable input, G, must be LOW to enable the Y output.

1
12
8

Sample PDS Equivalent Function Table
Y=(D7*A*B*C*/G)+(D6*/A*B* C*/G)
+(D5*A*/B*C*/G)+(D4*/A*/B*C*/G) Inputs Outputs
+(D3*A*B*/C*/G)+(D2*/A*B*/C*/G) Select | Strobe
+(D1*A*/B*/C*/G)+(DO*/A*/B*/C"/G)) CBA G Y
X X X H L
L L L L DO
L L H L D1
L HL L D2
L HH L D3
H L L L D4
HLH L D5
HHL L D6
HHH L D7
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74153 Dual 4-to-1 Multiplexer w/ Enable

74153

e Individual enable inputs

Logic Symbol

® Common data-select inputs B

Y1

Y2

Functional Description

The 74153 macro consists of two 4-to-1 multiplexers with common data-select lines.
Each 4-to-1 multiplexer has an active LOW strobe input line to enable the output.

Sample PDS Equivalent
Y1=((CO*/B*/A*/G1)+(C1*/B*A*/G1)
+(C2*B*/A*/G1)+(C3*B*A*/G1))
Y2=((DO*/B*/A*/G2) +(D1*/B*A*/G2)
+(D2*/A*B*/G2)+(D3*A*B*/G2)

Macrocell count:

Array inputs:

Product terms used: 8
Product terms allocated: 8

2
12

Function Table
Inputs Outputs

Select Data Strobe

B A [COC1C2C3 G Y
X X | X X X X H L
L L L X X X L L
L L|H X X X L H
L H|IX L X X L L
L H|X H X X L H
H L | X X L X L L
H L X X H X L H
H H|X X X L L L
H H|X X X H L H
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74154 4-to-16 Line Decoder 74154
e Active LOW outputs Logic Symbol Macrocell count: 16
Array inputs: 6
® Two enable inputs YO p— Product terms used: 16
Y1 p— .
Y2 b— Product terms allocated: 64
Y3 p—
Y4 p—
Y5 p—
A Y6 p—
B Y7 p—
Cc Y8 p—
D Y9 p—
D—-——
b—
D—_
o——
o—
D._—

Functional Description

The 74154 macro decodes four data-input lines to select one of 16 active LOW outputs. You
can use the enable inputs, G1 and G2, to cascade multiple macros.

Function Table
Inputs Outputs

Enable Select

G1 G2| D C B A | Y0 Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10 Y11 Y12 Y13 Y14 Y15
X H|X X X X]|H HHHHHUHHUHHHHHHHH
H X | X X X X H HHHHHHBHUBHHHHHH H H
L L L L L L L HH HHHHHHHHHMHHHH
L L LLLH|]HLHHHHHMHMHMHMHMHHH HH
L L L L HL H HL HHHHHHHHHHHH H
L L LLHH|HHHULHHHMHMHHHMHHH H H
L L L HLL H HHHL HHHHHMHHHHHH
L L L HLH H HHHHULHHUBHHHHHHHH
L L L HHL H HHHHHILHHHHUHHHHH
L L LHHH|HHMHMHMHHHILMH HHHHH HH
L L H L L L H HHHHHMHHTIL HUHHHHHH
L L HLLH|HHHMHHHUMHMHMH L HHHHHH
L L H L HL H HHHHHHHHHL HHH H H
L L HLHH|HHHHHHMHMHMHHH L H H H H
L L HHL L H HHHHHUHBHUBHMHMHHL H H H
L L HHLH|HHUHUHHMHUMHUHUHHMHHH L H H
L L |HHHL H HHHHHUHHBHHUHHHH L H
L L HHHH|[HHHHHHMHMHHHHHH H H L

Y2 =(

/D * (/G1*/G2) * (/IG1 * /G2)

f/D (IG1*/G2)*
Y1=((/D*(/G1*/G2)* (/G1*/G2))* (IC * /B
YO = ((/D (/G1*/G2)* (IG1* /G2))* (/C* /B * /A))

Sample PDS Equivalent
2(/0 (1G1*/G2)*

C B*/A) Y14=

(/G1*/G2)*(C*B*A)  Y15=((D*(/G1*/G2)* (IG1*/G2)*(C"
(D * (/G1*/G2) * (IG1* /1G2))* (C * B /A))
D* (/G1 /G2 '(/G1 /G2 . c B* A)) Y13=((D* (/G1*/G2)* (IG1*/G2))* (C*/B* A)
/D*(/G1*/G2) * (IG1* /G2)'(C /B*/A)  Y12=((D*(G1*/G2)* (/G1 " /G2))* )
Y3 ((/D*(/G1*/G2) * (/G1 */G2)) * (/C * B A))

Y11 =((D* (/G1*/G2)* (/G1*/G2))* (/C * B A))

(IG1*/G2)) * (/c /A)) Y10 %D' (/G1*/G2) * (1IG1 * 1G2)) * (/C * /A))
1G1* IG2) '(/G1'/G2))'(/C /B*
/G1‘/G2) (IG1*/G2))* (/C*/B* /A))

C*/B*/A
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74157 Quad 2-to-1 Multiplexer 74157
e Enable input Logic Symbol Macrocell count: 4
Array inputs: 10
—1Al M Product terms used: 8
—8B1 Product terms allocated: 16
— A2 Y2
—B2
—A3 Y3
—1B3
— A4 Y4
— B4
—1SEL
_c G

Functional Description

The 74157 macro selects one of two 4-bit words based on the level of the select line, SEL.
The enable input, G, must be LOW to enable the output lines. When G is HIGH, all the

outputs are forced LOW regardless of the inputs.

Sample PDS Equivalent

Y1 =((A1°* (/G * /SEL)) + (B1 * (/G * SEL)))
Y2 = (A2 * (/G * /SEL)) + (B2 * (/G * SEL)))
Y3 = ((A3* (/G * /SEL)) + (B3 * (/G * SEL)))
Y4 = ((A4* (/G * /SEL)) + (B4 * (/G * SEL)))

Function Table
Inputs Outputs
G | SEL | Y1 Y2 Y3 Y4
H X L L L L
L L A1 A2 A3 A4
L H B1 B2 B3 B4
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74158 Quad 2-to-1 Multiplexer 74158
e Enable input Logic Symbol Macrocell count: 4
Array inputs: 10
® |nverted outputs Al Y1 p— Product terms used: 8
B1 Product terms allocated: 16
A2 Y2 p—
B2
A3 Y3 p—
B3
Ad Y4 p—
B4
SEL
—_—o G

Functional Description

The 74158 macro selects one of two 4-bit words based on the level of the select line, SEL.
The enable input, G, must be LOW to enable the output lines. When G is HIGH, all the

outputs are forced HIGH regardless of the inputs.

Sample PDS Equivalent

Y1 =/((A1* (/G * /SEL)) + (B1 * (/G * SEL)))
Y2 = /((A2* (/G * /SEL)) + (B2 * (/G * SEL)))
Y3 = /((A3* (/G * /SEL)) + (B3 * (/G * SEL)))
Y4 = /((A4* (/G * /SEL)) + (B4 * (/G * SEL)))

Function Table
Inputs Outputs
G | SEL | Y1 Y2 Y3 Y4
H X H H H H
L L | /A1 /A2 /A3 /A4
L H | /B1 /B2 /B3 /B4
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74162 4-Bit BCD/Decade Counter w/ Synchronous Reset 74162

e Synchronous load Logic Symbol Macrocell count: 5
Array inputs: 12

® Synchronous reset —A QA — Product terms used: 18

—1B QB — Product terms allocated: 24
e Carry look-ahead output —C QC —

—D QD —
® Two enable inputs RCO —

— ENP

—ENT

—P CLK

—q LOAD

—9CLR

Functional Description

The 74162 macro is a 4-bit BCD loadable up counter with synchronous reset logic. The
enable input lines, ENP and ENT, and the ripple carry-out line, RCO, allow for multiple
macros to be cascaded. RCO goes HIGH when the maximum count, 9, has been reached
and ENT is HIGH. To enable and increment the counter value, you feed the RCO output to
the ENP and ENT inputs of the next counter stage. QD is the most significant counter bit.

Sample PDS Equivalent Function Table

QA.T = ((/CLR * QA) + (CLR
*/LOAD * /A * QA) + (CLR Inputs Outputs
*/LOAD * /QA * A) + (CLR Mode | CLK CLR LOAD ENP ENT | QD QC QB QA
* ENP * LOAD * ENT)) Clear | T L X X X | L L L L

QA.clkf = CLK Load H L X X |D c B A

'
QB.T = ((/CLR * QB) + ((CLR ggunt 1 g z t' ; ab %%’"é LBJPQA
* ENP * LOAD * ENT) * QA P

'/QD)+(CLR'/L01I;)D'/B Sop | T H H X L |QDQCQBOQA

*QB) + (CLR */LOAD * /QB * B)) * The RCO is HIGH when the counter output is 9 and ENT is HIGH.
QB.clkf = CLK Otherwise, it stays LOW.
QC.T = ((/CLR* QC) + (CLR

*/LOAD * /C* QC) + (CLR

*/LOAD*/QC* C) + (CLR

*QB* QA" (CLR* ENP

* LOAD * ENT)))

QC.clkf = CLK
QD.T = ((/CLR * QD) + ((CLR

*ENP * LOAD * ENT) * QA

* QD) + ((CLR * ENP * LOAD

*ENT)*QC *QB* QA)

+(CLR*/LOAD * /D * QD)

+(CLR* /LOAD */QD * D))

QD.clkf = CLK
RCO =(QD*/QC */QB * QA * ENT)
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74163 4-Bit Binary Counter w/ Synchronous Reset 74163

e Synchronous 4-bit binary- Logic Symbol Macrocell count: 5
loadable up counter Array inputs: 12
—A Qo — Product terms used: 17
® Synchronous reset ] (B: 8; — Product terms allocated: 20
® Carry look-ahead output for —D Q3 r—
making wider counters RCO —
— ENP
—ENT
— CLK
—q LOAD
—qCLR

Functional Description

The 74163 macro is a 4-bit binary-loadable up counter with synchronous reset logic. The
enable input lines, ENP and ENT, and the ripple carry-out line, RCO, allow for multiple
macros to be cascaded. RCO goes HIGH when the maximum count of 15 has been reached
and ENT is HIGH. To enable and increment the counter value, you feed the RCO output to
the ENP and ENT inputs of the next counter stage. QD is the most significant counter bit.

Sample PDS Equivalent Function Table
QA.T = ((/CLR * QA) + (CLR * /LOAD
*/A* QA) + (CLR * /LOAD * /QA Inputs Outputs
* A) + (CLR* ENP * LOAD * ENT)) Mode | CLK CLR Load ENP ENT | QD QC QB QA
QA clkf = CLK Clear | L L X X X QD QC QB QA
QB.T = ((/CLR * QB) + (CLR * /LOAD Cearf T L X X X f L L L L
*B)+(CLR* QA" (CLR * ENP Count| 7T H H H H Count Up
* LOAD * ENT Stop 1 H H L X QD QC QB QA
aBarfocti ) Stop [ T H H X L | abQC QB QA
QC',T = ((/CLR * QC) + (CLR * /LOAD * The RCO is HIGH when the counter outputis 15 and ENT is HIGH.
*/C* QC) + (CLR - /LOAD * /QC Otherwise, it stays LOW.

*C)+(CLR*QB*QA* (CLR* ENP
* LOAD * ENT)))

QC.clkf = CLK

QD.T = ((/CLR * QD) + (CLR * /LOAD
*/D* QD) + (CLR * /LOAD * /QD
*D)+(CLR*QC*QB* QA" (CLR
* ENP * LOAD * ENT)))

QD.clkf = CLK

RCO=(QD*QC* QB* QA * ENT)
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74164 8-Bit Serial-In Parallel-Out Shift Register 74164

e Synchronous reset Logic Symbol Macrocell count: 8
Array inputs: 10
® ANDed serial inputs —A QA — Product terms used: 8
—B QB — Product terms allocated: 32

QC—

Qb —

QE—

—PD CLK QF —

QG —

—aqCLR QH|—

Functional Description

The 74164 macro is an 8-bit serial-in parallel-out shift register with synchronous reset. The
two serial inputs, A and B, are logically ANDed.

Note:
The TTL version has asynchronous reset logic.

Sample PDS Equivalent Function Table

g: :u(f = gLKCLR) Inputs Outputs

QB = (CLR* QA) CLK CLR| A B |QA QB QC QD QE QF QG QH
QB.clkf = CLK L L X X | QAo QBo QCo QDo QEo QFo QGo QHo
QC =(CLR* QB) T L X X L L L L L L L L
QC.clkf = CLK T H | H H| H QAnQBn QCnQDn QEn QFn QGn
QD = (CLR * QC) T H L X L QAn QBn QCn QDn QEn QFn QGn
QD.clkf = CLK T H X L L QAn QBn QCn QDn QEn QFn QGn
QE = (CLR * QD) * QAo to QHo = previous state of QA to QH

QE.clkf = CLK QAN to QGn = level of QA to QG bgfore the most recent rising transition
QF = (CLR * QE) of the CLK, and indicates a 1-bit shift.

QF.clkf = CLK

QG = (CLR* QF)

QG.clkf = CLK

QH = (CLR* QG)

QH.clkf = CLK
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74165 Parallel-Load 8-Bit Shift Register 74165

e Synchronous load Logic Symbol Macrocell count: 8
Array inputs: 19
e Shift inhibit ] EER Product terms used: 24
—B Product terms allocated: 32
—C
—D
—E
—F
-G
—H QHI—
—Pp CLK
— CLKINH
—SHIFT

Functional Description

The 74165 macro is an 8-bit parallel-in serial-out shift register. To synchronously load the
registers, you set the SHIFT input LOW. Setting the inhibit input, CLKINH, HIGH inhibits
shifting and the registers retain their current values. A parallel-load operation overrides the
inhibit function.

Note:

The TTL version has two clock lines and asynchronous load logic.

Function Table

Inputs Outputs / Internal Registers

SHIFTINH CLK SER| A B CDEFGH| QA QB QC QD QE QF QG QH
L X T X |[abcdefgh a b ¢ d e f g h
L X L X | XX X X X X X X | QAo QBo QCo QDo QEo QFo QGo QHo
H L L X | XX X X X X X X | QAo QBo QCo QDo QEo QFo QGo QHo
H L 1 LIXXXXXXXX L QAo QBo QCo QDo QEo QFo QGo
H L T H XX XXX XXX H QAo QBo QCo QDo QEo QFo QGo
H H 1 X [ XXX X X X X X | QAo QBo QCo QDo QEo QFo QGo QHo

* QAo to QHo = previous state of registers QA to QH

Sample PDS Equivalent

m: EESgB; :I($A 'CIE;HFT) + (SHIFT * /CLKINH ° SER) + (SHIFT * CLKINH * M1_REGOUT))
m% SESSH; ::I“B * /SHIFT) + (SHIFT * /CLKINH * M1_REGOUT) + (SHIFT * CLKINH * M2_REGOUT))
mg RECG;83¥ (=:I '(‘sc /S&-HFT) + (SHIFT * /CLKINH * M2_REGOUT) + (SHIFT * CLKINH * M3_REGOUT))
m: SEggST CI($D /SHIFT) + (SHIFT * /CLKINH * M3_REGOUT) + (SHIFT * CLKINH * M4_REGOUT))
mg gEggg; El iSE /SHIFT) + (SHIFT * /CLKINH * M4_REGOUT) + (SHIFT * CLKINH * M8_REGOUT))
mg 2588811_' cll% 'éﬁl(-llFT) + (SHIFT * /CLKINH * M8_REGOUT) + (SHIFT * CLKINH * M5_REGOUT))
mg ggggﬂ; s ‘(($G /S':-HFT) + (SHIFT * /CLKINH * M5_REGOUT) + (SHIFT * CLKINH * M6_REGOUT))
gﬂ_c'ﬁH /SHIFT) +(SHIFT * /CLKINH * M6_REGOUT) + (SHIFT * CLKINH * QH))
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74166 8-Bit Parallel-In Serial-Out Shift Register 74166

e Parallel synchronous load Logic Symbol Macrocell count: 8
Array inputs: 20

® Synchronous reset fER Product terms used: 24

—B Product terms allocated: 32

—C

—D

—E

—F

- 1G

—H QH —

—P CLK

—— CLKINH

— SHIFT

—49CLR

Functional Description

The 74166 macro is an 8-bit parallel-in serial-out shift register with synchronous reset. To
load the registers, you set the SHIFT input LOW and apply a rising-edge clock. Setting the
inhibit input, CLKINH, HIGH inhibits shifting and the registers retain their current values.

Note:
The TTL version has asynchronous reset logic.

Function Table

Inputs Internal Outputs Output
SHIFTINH CLK CLR SER|ABC D E F G H| QAI QBI QCi QDi QEi QFi QGi QHi QH
X X L L X |[XXXXXXX X| QAo QBo QCo QDo QEo QFo QGo QHo| QHo

X X T L X [XXXXXXXX|] L L L L L L L L L
X X L X X [XXX XXX X X| QAo QBo QCo QDo QEo QFo QGo QHo| QHo

L L 7 H X |labcdefgh| a b ¢ d e f g h h
H L 7 H L [ XXXXXXXX]|] L QAnQBnQCnQDnQEn QFn QGn| QGn
H L 7t H H [XXXXXXXX] H QAnQBnQCnQDn QEn QFn QGn| QGn
X H 1T H X [XXXXXX X X|QAo QBo QCo QDo QEo QFo QGo QHo| QHo

* QAo to QHo = previous state of QA to QH
QAN to QGn = level of QA to QG before the most recent rising transition of the CLK, and indicates a 1-bit shift.

Sample PDS Equivalent

ND_A - (CLR * SER * /CLKINH * SHIFT) + (CLR * A *JCLKINH * /SHIFT) + (CLR * CLKINH * ND_A)
) A.clkf =

ND B= ($CLR *ND_A * /CLKINH * SHIFT) + (CLR * B * /CLKINH * /SHIFT) + (CLR * CLKINH * ND_B))

ND_B.clkf = CLK

ND_C = (§CLRL;(ND_B * /CLKINH * SHIFT) + (CLR * C * /CLKINH * /SHIFT) + (CLR * CLKINH * ND_C))

4
IOI
0Or¢
o
x.

NB B="£$CL8L;(ND_C * /ICLKINH * SHIFT) + (CLR * D * /CLKINH * /SHIFT) + (CLR * CLKINH * ND_D))
L.CIKT =
sCLgL;(ND_D * /CLKINH * SHIFT) + (CLR * E * /CLKINH * /SHIFT) + (CLR * CLKINH * ND_E))

|

ND_E = (
ND_E.clki
ug E ; &CL&;( ND_E * /CLKINH * SHIFT) + (CLR * F * /CLKINH * /SHIFT) + (CLR * CLKINH * ND_F))
“g g; l%éLgL;( ND_F */CLKINH * SHIFT) + (CLR * G * /CLKINH * /SHIFT) + (CLR * CLKINH * ND_G))
QH = (‘CLR “ND_G * /CLKINH * SHIFT) + (CLR * H * /CLKINH * /SHIFT) + (CLR * CLKINH * QH))
QH.clkf = CLK

|

|
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74192 4-Bit Up/Down BCD Counter 74192

e Synchronous load Logic Symbol Macrocell count: 6
1 Al— Array inputs: 12
e Asynchronous reset ] g 83 | Product terms used: 22
—c Qc — Product terms allocated: 36
® Carry- and borrow-out —ID QD —
signals for expansion
—1UP CoO—
—DN BO[—
— LOAD
—CLR
—P CLK

Functional Description

The 74192 macro is a 4-bit up/down BCD counter with synchronous parallel load and
asynchronous reset logic. You can select an increasing or decreasing count sequence by
setting either the UP or DN control input HIGH. An active-LOW borrow signal, BO, is
generated when the count is zero and DN is HIGH. An active-LOW carry signal, CO, is
generated when the count is 9 and UP is HIGH.

Note:
The TTL version has asynchronous parallel-load logic and uses the UP and DN inputs as
two independent clock lines to control the direction of the count sequence.

Function Table

inputs Outputs
CLK CLRLOAD UP DN| ABC D | QA QB QC Qb BO CO
L H X X X X X X X L L L L L L
) L L X X abocd a b ¢ d X X
T L H H L X X X X Count Up H H
T L H L H X X X X Count Down H H
T L H H L X X X X H L L H H L
T L H L H X X X X L L L L L H
T L H L L X X X X Hold Count X X
T L H H H X X X X Hold Count X X

Sample PDS Equivalent

BO = (DN */UP) * /QA * /OB * /QC * /QD)

CO = (/DN * UP) * QA */QB * /QC * QD)

QD.T = (DN * /UP) * /QA * LOAD * /QB * /QC) + (/DN * UP) * QA * LOAD * QB * QC) + (/DN * UP) * LOAD * QA

</QB * /QC * QD) + (LOAD * (D :+: QD))

QD.clkf = CLK

QD'rstf = CLR

%le—f(((omom LOAD * (DN * /UP) * /OB * /QA) + (LOAD * (/DN * UP) * /QD * QB * QA) + (/LOAD * (C :+: QC)))
Cl =

QCrstf = CLR

QB.T = ((4/QD */QC */QB) * (DN */UP) * LOAD * /QA) + QD * (DN * UP) * LOAD * QA) + (LOAD * (B :+: OB))

OB s = iR

Sﬁl,‘“LCOAD (DN * /UP)) + (LOAD * (/DN * UP)) + (/LOAD * (A :+: QA})))

QArstf = CLR
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74193 4-Bit Up/Down Binary Counter 74193

e Synchronous load Logic Symbol Macrocell count: 6
1 | Array inputs: 12
® Carry- and borrow-out signals 1 é 8’3 e Product terms used: 18
—c Qc — Product terms allocated: 24
—D QD —
—UP Ccop—
—1DN BO p—
—dLOAD
—CLR
—p CLK

Functional Description

The 74193 macro is a 4-bit up/down binary counter with synchronous load and asynchronous
reset logic. You can select an increasing or decreasing count sequence by setting either the
UP or DN control input HIGH. An active-LOW borrow signal BO is generated when the count
is zero and DN is HIGH. An active-LOW carry signal, CO, is generated when the count is 9
and UP is HIGH. A load operation overrides the count function.

Note:
The TTL version has asynchronous parallel-load logic and uses the UP and DN inputs as two
independent clock lines to control the direction of the count sequence.

Function Table
Inputs Outputs

CLK CLRLOAD UP DN| ABCD| QA QB QC QD BO CO
L H X X X X X X X L L L L L H
) L L X X abocd a b ¢ d X X
T L H H L X X X X Count Up H H
T L H L H X X X X Count Down H H
T L H H L X X X X H H H H H L
T L H L H XX X X L L L L L H
T L H L L |XXXX Hold Count X X
T L H H H X X X X Hold Count X X

Sample PDS Equivalent

BO=((DN*/UP) * /QA * /QB * Qc* /QD)
CO=((/ON *UP) “ QA " QB * QC Q&
QD.T = (((DN “ /UP) * /QA * LOAD * /QB * /QC) + ((/DN * UP) * QA * LOAD * QB * QC) + (/LOAD * (D :+: QD)))
QD.clkf = CLK
QD.rstf = CLR
QT '((LOI‘\(D (DN * /UP) * /QB * /QA) + (LOAD * (/DN * UP) * QB * QA) + (/LOAD * (C :+: QC)))
C =

QC.rs!

QBT (((DN /UP) * LOAD * /QA) + ({(/DN * UP) * LOAD * QA) + (/LOAD * (B :+: QB)))
QB.clkf = CLK

QB.rstf = CLR

QAT = ((LOAD (DN * /UP)) + (LOAD * (/DN * UP)) + (/LOAD * (A :+: QA)))
QA.clkf = CLK

QA.rstf = CLR
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74194 4-Bit Bidirectional Universal Shift Register

74194

Functional Description

Two control lines, S1 and SO, select one of four modes of operation:

® Parallel load of four data inputs

® Right shift (in the direction QA to QD)
® | eft shift (in the direction QD to QA)
® Data latch/hold register values

All operations are performed at the rising edge of CLK.

Note:
The TTL version has asynchronous reset logic.

e Parallel-to-serial converter Logic Symbol Macrocell count: 4
Array inputs: 13

® Serial-to-parallel converter ] ?\R QA — Product terms used: 16

—1B QB |— Product terms allocated: 16
® Synchronous reset —c Qc —

—D QD —
® Synchronous loading —SL

—P CLK

—1 S0

— St

—qCLR

The 74194 macro is a 4-bit bidirectional universal shift register with synchronous reset logic.

transition of the CLK, and indicates a 1-bit shift.

Sample PDS Equivalent Function Table
QA = ((CLR* SR */S1* S0) + (CLR
. QB((' S1*/S0) + (CLR')S1 ( SO Inputs Outputs
Q'A +(CLR*/S1*/S0 * QA)) Mode Serial Parallel
0'3':'(‘25,_%."%.,31.S°)+(‘CLR CLK CLR|S1SO0SLSR|ABCD| GA GB GC QD
*QC* S1*/S0) + (CLR* S1* S0 L X [X X X X [XXXX|QAo QBo QCo QDo
QB (GR /5171807 QB)) TOL XX XX IXXXX| L L L L
Rl memaan 10| LE X LT E
*QD* S1*/S0) + (CLR*S1* S0
* Gy + (CLR* /81 /50 * QC)) T H|LH X H|XXXX| H QAn QBn QCn
QC.clkf = CLK T H[HL L X|XXXX{QBhQCnQDn L
QD = ((CLR* QC * /S1 * S0) + (CLR T H |HL HX|XXXX|QBnQCnQDn H
:SL’S1*R/§0 +(CLR* S1 S0 7 HJHH X X|abcd| a b c d
QD?; k?iccl;'LK /317/50" QD) * QAo to QDo = previous state of QA to QD

QAn to QDn = level of QA to QD before the most recent rising

8-80 PALASM 4 USER'S MANUAL, SECTION I, LIBRARY REFERENCE

February 1991



74194

8-81

v6iLligl — v6L1igl ve6Lligt _ ¥6LligL
NITs viva— NS viva— NIIs viva NITS viva
Nids Nigs NiUS|—— NigsS
(o] o (o] o
M0 MO MO MO
LS LS LS S
10 0SH —q 1o 0SS —q 410 oS 10 oS

4-Bit Bidirectional Universal Shift Register

74194

ao

20

a0

vO

CHAPTER 8, MACRO AND SCHEMATIC DATASHEETS

|

1’4

(s

February 1991




1BIT194 1Bit of a 74194 Shift Register 1BIT194
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74240 Octal Inverting Buffers w/ 3-State Outputs 74240

e Two enable inputs Logic Symbol Macrocell count: 8
G Array inputs: 10
—9q¢é1 Y1 b— Product terms used: 8
2; Y2 b— Product terms allocated: 32
A3 Y3 p—
Ad Y4 p—
—qG2
B1 X1 p—
B2 X2 p—
B3 X3 p—
—|B4 X4 p—

Functional Description

The 74240 macro contains two groups of four inverting buffers. Each group is enabled by
an active-LOW input control line.

Sample PDS

Equivalent Function Table
Y1.trst = /G1
Y2.trst = /G1
Y3.trst = /G1
Y4.trst = /G1
X1.trst = /G2
X2.trst = /G2
X3.trst = /G2
X4.trst = /G2
Y1 =Af

Y2 =A2

Y3 =A3

Y4 = Ad

X1 =B1

X2 = B2

X3 =B3

X4 = B4

Inputs Outputs
4| G2 B1 B2 B3 B4 X1 X2 X3 X4

L L L L L HHHH
H H H H
L H H Y4

9]
-
>
-t
>
N
>
«w
>
<
-h
<
N
<
w
<
&

~Ir
—XxXr
Ixr
IXr
—xr
INTI
rNI
~NI
INI

L L L L L
H H Zz zZ 2
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74240 Octal Inverting Buffers w/ 3-State Outputs 74240
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74244  Octal Non-Inverting Buffers w/ 3-State Outputs 74244

e Two enable inputs Logic Symbol Macrocell count: 8
Array inputs: 10
® 3-state outputs :° 211 Y1 — Product terms used: 8
— A2 Y2 |— Product terms allocated: 32
—A3 Y3 —
—1 A4 Y4 —
—daG2
—1B3 X3 —
—1B4 X4 —

Functional Description

The 74244 macro contains two groups of four non-inverting buffers. Each group is enabled
by an active-LOW input control line.

Sample PDS
Equivalent Function Table
Y1.trst = /G1
Y2.trst = /G1 Inputs Outputs
4| G2 B1 B2 B3 B4 X1 X2 X3 X4

Y3.trst = /G1

Y4.trst = /G1 L L L L L L L LL
L HLHH HLHH
HLHHH Z2 72 2 2

(1]
-
>
-
>
[
b
>
<
-k
<
N
D3
=

IXr
IXr

X1.trst = /G2
X2.trst = /G2
X3.trst = /G2
X4 trst = /G2
Y1 =A1
Y2 =A2
Y3=A3
Y4 = A4
X1 =Bt
X2 = B2
X3 =B3
X4 = B4

rIr
—xXr
—xr
N
INr
INr
~Nr

PALASM 4 USER'S MANUAL, SECTION IIl, LIBRARY REFERENCE February 1991



74244  Octal Non-Inverting Buffers w/ 3-State Outputs 74244
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Functional Description

The 74245 macro implements an 8-bit bus transceiver. You can transmit data from bus A
to bus B or from bus B to bus A. The data-transfer direction is controlled by the DIR control
line. If the enable input, G, is set HIGH, then the buses are disabled and isolated.

Sample PDS Equivalent

B1.trst = (DIR * /G)
Al.trst = (/G * /DIR)
B2.trst = (DIR * /G)
A2.trst = (/G * /DIR)
B3.trst = (DIR * /G)
A3.trst = (/G * /DIR)
B4.trst = (DIR * /G)
Ad.trst = (/G * /DIR)
BS5.trst = (DIR * /G)
A5.trst = (/G * /DIR)
B6.trst = (DIR * /G)
A6.trst = (/G * /DIR)
B7.trst = (DIR * /G)
A7.trst = (/G * /DIR)
B8.trst = (DIR * /G)
AB.trst = (/G * /DIR)

B1=At1
A1=B1
B2 =A2
A2=B2
B3 =A3
A3=B3
B4 =A4
A4 =B4
B5=A5
A5=B5
B6 = A6
A6 = B6
B7=A7
A7=B7
B8 = A8
A8 =B8

74245 Octal Bus Transceivers w/ 3-State Outputs 74245
e Enable input Logic Symbol Macrocell count: 16
Al B Array inputs: 18
] A2 B; | Product terms used: 16
—1A3 B3 — Product terms allocated: 64
— A4 B4 —
— A5 BS —
A6 B6 |—
A7 B7 —
A8 B8 —
—0q G
DIR

Function Table

Inputs

G DIR

Operation

L L

L H
H X

Bus B Data to Bus A
Bus A Data to Bus B
Buses Isolated
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Octal Bus Transceivers w/ 3-State Outputs
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74259 8-Bit Addressable Latch 74259

e Four modes of operation Logic Symbol Macrocell count: 16
Array inputs: 14
® Asynchronous reset —1D Qo— Productterms used: 16
Ql— Product terms allocated: 64

—1S0 Q22—

—S1 Q3|—

—S2 Q4|—

Q51—

—qG Q66—

—QCLR Q7 —

Functional Description

The 74259 macro is an 8-bit addressable latch with asynchronous reset logic. The following
four modes of operation are selectable via the CLR and G inputs.

* Addressable latch
Data on the D input line is written to the latch addressed by the three select lines: S2, S1,
and S0. The other latches retain their values.

° Memory
The latch outputs do not change.

¢ Active-HIGH 3-to-8 demultiplexer
The addressed latch output follows the data input while the other latch outputs are held
LOW.

* Reset
All latch outputs are set LOW regardless of the value on the select and data-input lines.

Sample PDS Equivalent Function Table
Q7 =(((S2* S1*S0)* /G* D) + (/(S2* S1
*S0) * CLR* Q7) + (CLR* Q7 * G) + (Q7 Inputs Outputs
*CLR*D))Q6 = (((S2* S1*/S0)* /G * D) Adressed | Other Functions
+(/(S2*S1°/S0)*CLR*Q6) + (CLR*Q6 |CLR[ G| Latch |[Latches
" G)+(Q6*CLR* D)) H|L D Qo | Adressable Latch
Q5 =(((S2*/S1*S0)*/G* D) + (/(S2* /S1 H|H Qo Qo | Memory
-S0)*CLR* Q5) + (CLR* Q5° G) + (Q5 L|L D L 8-line demultiplexer
*CLR* D)) Q4 =(((S2*/S1*/S0)* /G L R L L Reset
* D)+ (/(S2*/S1*/S0)* CLR* Q4) + (CLR
*Q4*G)+(Q4*CLR* D)) * Qo = previous state of latch output Q
Q3 =(((/S2*S1*S0)* /G * D) + (/(/S2 * S1 D = data input D

*S0)* CLR*Q3) + (CLR*Q3* G) + (Q3
*CLR* D)) Q2 = (((/S2* S1*/S0)* /G

* D) + (/(/S2 * S1*/S0) * CLR* Q2) + (CLR
*Q2* G)+(Q2* CLR" D))

Q1 =(((/S2*/S1*S0)* /G * D) + (/(/S2 * /S1
*S0)* CLR* Q1) + (CLR*Q1* G) +(Q1 * CLR
*D)) QO = (((/S2* /S1*/S0)* /G * D) + (/(/S2
*/S1*/S0)* CLR* Q0) + (CLR* Q0 * G) + (Q0
*CLR* D))
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1BIT259 1Bit of a 74259 Latch 1BIT259
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74273

Octal D-Type Flip-Flops

74273

e Asynchronous reset

Logic Symbol
—D1 Q1
—D2 Q2
—D3 Q3
—D4 Q4
—D5 Q5
—1D6 Q6
—D7 Q7
—D8 Q8
—P cLk
—qCLR

I

Functional Description
The 74273 macro is an octal D-FF bank with asynchronous reset logic.

Sample PDS Equivalent

Q1 =D1
Q1.clkf = CLK
Q1.rstf = /CLR
Q2 =D2
Q2.clkf = CLK
Q2.rstf = /CLR
Q3 =D3
Q3.clkf = CLK
Q3.rstf = /CLR
Q4 =D4
Q4.clkf = CLK
Qd.rstf = /CLR
Q5=D5
Q5.clkf = CLK
Q5.rstf = /CLR
Q6 =D6
Q6.clkf = CLK
Q6.rstf = /CLR
Q7 =D7
Q7.clkf = CLK
Q7.rstf = /CLR
Q8 =D8
Q8.clkf = CLK
Q8.rstf = /CLR

Macrocell count:
Array inputs:
Product terms used:

Product terms allocated: 3

8
9
8
2

Function Table
Inputs Outputs
CLR|CLK| D Q
L X | X L
H 1) L L
H T H H
H L X Qo

* Qo = previous state of Q
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74273 Octal D-Type Flip-Flops 74273
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74280 9-Bit Parity Generator/Checker 74280

e Active-HIGH output Logic Symbol Macrocell count: 4
Array inputs: 12
—A Even— Product terms used: 16
- (B: Product terms allocated: 16
—D
—E
—F
—G
—H
—1

Functional Description

The 74280 macro is a combinatorial circuit that generates or checks for even parity on
nine data lines. Odd parity is obtained by taking the inversion of the EVEN parity output.

Sample PDS Equivalent Function Table

sc- (880

EVEN =/(ABC :+: DEF :+: GHI) Number of Inputs Even

GHI = (G :+:H +:1) A - | that are High
0,2,4,6,8, H
1,3,5,7,9 L
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74298 Quad 2-to-1 Multiplexer with Storage 74298

e Synchronous storage

Functional Description

The 74298 macro selects one of two 4-bit words and stores each bit in a register on the

rising edge of CLK.

Sample PDS Equivalent
QA = (A1 */WS) + (A2* WS))
QA.clkf = CLK
QB = ((B1 * /WS) + (B2* WS))
QB.clkf = CLK
QC = ((C1* /WS) + (C2* WS))
QC.clkf = CLK

= ((D1* /WS) + (D2 * WS))
QD.clkf = CLK

Logic Symbol
— A1 QA
— A2
—B1 QB
— B2
—C1 QC
—C2
—D1 QD
— D2

— WS
—PD CLK

Macrocell count: 8
Array inputs: 21
Product terms used: 32
Product terms allocated: 32

Function Table

Inputs Outputs

CLK WS [ QA QB QC QD

L X | QAo QBo QCo QDo
T L A1 Bt C1 D1
T H | A2 B2 C2 D2
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Quad 2-to-1 Multiplexer w/ Storage

74298
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4299X

8-Bit Bidirectional Universal Shift Register

e Parallel-to-serial converter
® Serial-to-parallel converter

® Synchronous reset

® Synchronous loading

Functional Description

Logic Symbol Macrocell count: 8
Array inputs: 21

—SR QA — Product terms used: 32

—1A QB — Product terms allocated: 32

—B QCr—

—C QD —

—D QE I—

—E QF —

—G QH [—

—H

—SL

—PD CLK

— SO

— St

—aCLR

The 74299X macro is composed of two 74194s connected to form an 8-bit bidirectional
universal shift register with synchronous reset logic.

Note:

The TTL version has three-state bidirectional I/Os that serve as the parallel-load inputs

as well as the Q outputs.

Sample PDS Equivalent

QA = ((CLR* SR */S1°S0) + (CLR * QB * S1 * /S0Q)
+(CLR*S1°S0*A) +(CLR*/S1*/S0"* QA))

QA.clkf = CLK

QB = ((CLR * QA */S1°* S0) + (CLR * QC * S1 */S0)
+(CLR*S1°S0*B)+(CLR*/S1°/S0*QB))

QB.clid = CLK

QC = ((CLR*QB*/S1*80) +(CLR*QD *S1 */S0)
+(CLR*S1°S0°C)+(CLR*/S1*/S0* QC))

QC.clkf = CLK

QD = ((CLR*QC */S1 *S0) + (CLR * QE * S1 * /S0)
+(CLR*S1*S0°D)+(CLR*/S1°/S0 QD))

QD.clkf = CLK

QE = ((CLR* QD */S1* S0) + (CLR * QF * S1* /S0)
+(CLR*S1°S0“E)+ (CLR*/S1°/S0 * QF))

QE.clif = CLK

QF = ((CLR *QE */S1°S0) + (CLR * QG * S1 */S0)
+(CLR*S1°S0*F)+ (CLR‘/S1°/S0* QF))

QF clkf = CLK

QG = ((CLR * QF * /St * S0) + (CLR * QH * S1*/S0)
+(CLR*S1°S0°*G) + (CLR*/S1°/S0* QG))

QG.clkf = CLK

QH = ((CLR * QG */S1 * S0) + (CLR * SL * S1 */S0)
+(CLR*S1°S0*H)+(CLR*/S1*/S0*QH))

QH.clkf = CLK

Function Table

Inputs Outputs
Mode Serial Parallel
CLK CLR|S1SOSLSR|ABCD| QA QB QC QD
L X X X X X |XXXX]|QAo QBo QCo QDo
T L|[X X X X|[XXXX|] L L L L
X H L L X X |XXXX]|QAo QBo QCo QDo
L HIJLHXL|[XXXX| L QAnQBn QCn
T H L H X H|XXXX| H QAn QBn QCn
T H|HL L X|XXXX[QBrQCnQDn L
T HJHLHX|XXXX|QBhQCnQDn H
T H|HH X X]abcd| a b ¢ d

* QAo to QDo = previous state of QA to QD

QAn to QDn = level of QA to QD before the most recent rising
transition of the CLK, and indicates a 1-bit shift.
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74299X  8-Bit Bidirectional Universal Shift Register 74299X
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74373

Octal D-Type Latches with 3-State Outputs

74373

e Enable input

Functional Description

Logic Symbol
—D0 Qo0
—D1 Qi
—D2 Q2
—D3 Q3
——D4 Q4
—D5 Q5
—D6 Q6
—]D7 Q7
—0 OC
—C

[TTTTTT]

Macrocell count:
Array inputs:

The 74373 macro is an octal D latch with an active-LOW enable input.

Sample PDS Equivalent

Q1 =((Q1 * VCC * /C) + (VCC * GND) + (VCC * C * D1)

+(D1*VCcC* Q1))
Qi.trst= /OC

Q2 =((Q2* VCC * /C) + (VCC * GND) + (VCC * C * D2)

+(D2* VCC * Q2))
Q2.trst = /OC

Q3 =((Q3*VCC*/C)+(VCC * GND) +(VCC * C * D3)

+(D3*VvCC*Q3))
Q3.trst = /OC

Q4 =((Q4 * VCC * /C) + (VCC * GND) + (VCC * C * Dd)

+(D4* VvCC * Q4))
Q4.trst = /OC

Q5 =((Q5* VCC */C) + (VCC * GND) + (VCC * C * D5)

+(D5* VCC * Q5))
Q5.trst = /O0C

Q6 = ((Q6 * VCC * /C) + (VCC * GND) + (VCC * C * D6)

+(D6* VCC * Q8))
Q6.trst = /OC

Q7 =((Q7 * VCC * /C) + (VCC * GND) + (VCC * C * D7)

+(D7*vCC* Q7))
Q7.trst = /OC

Q8 =((Q8* VCC * /C) + (VCC * GND) + (VCC * C * D8)

+(D8* VCC * Q8))
Q8.trst = /OC

Function Table (for each D latch)

Product terms used:
Product terms allocated: 32

Inputs Outputs
oc C D Q
H X X z
L H H H
L H L L
L L X Qo

* Qo = previous state of Q

8
18
16

8-102

PALASM 4 USER'S MANUAL, SECTION Iil, LIBRARY REFERENCE

February 1991



74373

Octal D-Type Latches w/ 3-State Outputs

74373

ocC

D1

D2

D3

D4

Ds

D6

D7

o

]
p SD

Q

L Rp
DLATL— ¢
r'__—“

p SD
Q

;V-'

Q1

L Ro
DLATL— ¢

r—————b
D SD

Q2

Q

4

Q3

Qs

Q7
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74374

Octal D-Type Flip-Flops with 3-State Outputs

74374

e Enable input

e 3-state outputs

Functional Description
The 74374 macro is an octal D-type register with an active-LOW enable input.

Logic Symbol
— D0 QO
— D1 Q1
—D2 Q2
—D3 Q3
—— D4 Q4
—D5 Q5
— D6 Q6
—D7 Q7
—o 0C
—P CLK

Macrocell count:
Array inputs:

Product terms used:
Product terms allocated: 3

N 0O o

Sample PDS Equivalent Function Table (for each D fiip-flop)
Q1. trst = /OC Q5.trst = /OC
Q1 = D1 Q5 < D5 inputs Outputs
Qt.clkf = CLK Q5.clkf = CLK OC CLK D Q
Q2.trst = /OC Q6.trst = /OC H X X Z
Q2=D2 Q6 =D6 L T H H
Q2.clkf = CLK Q6.clkf = CLK |£ I )'-( c'io
Q3.trst = /OC Q7.trst = /OC
Q3=D3 Q7 =D7 * Qo = previous state of Q
Q3.clkf = CLK Q7.clkf = CLK
Q4.trst = /OC Q8.trst = /OC
Q4 =D4 Q8 =D8
Q4.clkf = CLK Q8.clkf = CLK
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74374 Octal D-Type Flip-Flops w/ 3-State Outputs 74374
oC
C > o
DO
C—> @0
L —
p TRST
FD
D1t [
C > ,ZI as
1~ >
> TRST
FD
— ~
Q2
> >
> TRST
FD
D3
| > Q3
{\} >
p TRST
FD
D4
Q
L— & S
> TRST
FD
D5 q
[_/ ;l Q5
> >
> TRST
FD
D6 q
| > Fl Q6
> >
> TRST
FD
D7
! > Fl Q7
— > >
p TRST
FD
CLK
>
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74518 8-Bit Identity Comparator

74518

e Enable input Logic Symbol

e Active-HIGH output

P1
P2
P3
P4
P5
P6
| P7

Qo
Q1
Q2
Q3
Q4

Qs
Q6
Q7

b [

G

PO EQUAL —

Functional Description

Macrocell count: 5
Array inputs:
Product terms used: 17
Product terms allocated: 20

The 74518 macro compares two 8-bit numbers and sets the EQUAL output HIGH if the two
numbers are equal. The enable input, G, must be held LOW to enable the EQUAL output.

21

Sample PDS Equivalent Function Table

COMP_7_6 = (/(P7 :+: Q7) * /(P6 :+: Q6))

COMP_5_4 = (/(P5 :+: Q5) * /(P4 +: Q4)) Inputs Outputs

EQUAL = (COMP_7_6 * COMP_5_4 * COMP_3_2 DATAP,Q G | EQUAL
*COMP_1_0*/G) P(7:0)=Q(7:0) L H

COMP_3_2 = (/(P3 :+: Q3) * /(P2 :+: Q2)) P(7:0)>Q(7:0) L N

COMP_1_0 = (/(P1 :+: Q1) * /(PO :+: QO)) P(7-°); Q7o - C
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74518 8-Bit Identity Comparator 74518

) >
=e) >
==—) >

——— P

COMP_7_6

y

) COMP_5_4

) EQUAL

) COMP_3_2

COMP_1_0

®

y
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74521 8-Bit Identity Comparator 74521

e Enable input Logic Symbol Macrocell count: 5
Array inputs: 21
PO EQUAL p— Product terms used: 17
P1 Product terms allocated: 20

e Active-LOW output

L LU L]

Functional Description

The 74521 macro compares two 8-bit numbers and sets the EQUAL output LOW if the two
numbers are equal. The enable input, G, must be held LOW to enable the EQUAL output.

Sample PDS Equivalent Function Table

COMP_7_6 = (/(P7 :+: Q7) * /(P6 :+: Q6))

COMP_5_4 = (/(P5 +: Q5) * /(P4 -+ Q4)) Inputs Outputs

EQUAL = (COMP_7_6 * COMP_5_4 * COMP_3_2 DATAP,Q G | EQUAL
* COMP_1_0*/G) P(7:0)=Q(7.0) L L

COMP_3_2 = (/(P3 :+: Q3) * /(P2 :+: Q2)) P(7:0)>Q(7:0) L H

COMP_1_0 = (/(P1 :+: Q1) * /(PO :+: QO)) P(7:0) < Q(7:0) h H
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74521

8-Bit Identity Comparator

74521

COMP_7_6

COMP_5_4

{14 ]

EQUAL
P3 INV
=) >
Q2
=) >,
Q1 COMP_1_0
=) >
Qo
G
— o
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CIN COUT —

Functional Description

The ADD1 macro adds two 1-bit numbers. You can use the carry-out and carry-in signals to

cascade multiple adders.

ADD1 1-Bit Full Adder ADD1
e Carry input Logic Symbol Macrocell count: 2
Array inputs: 3
e Carry output A0 S0 — Product terms used: 7
8

— B0 Product terms allocated:

Sample PDS Equivalent Function Table

SO = (A0 :+: BO :+: CIN)

COUT = ((AO * BO) + (CIN * (A0 :+: BO))) Inputs Outputs
A0 BO CIN | couT so
L L L L L
L L H L H
L H L L H
L H H H L
H L L L H
H L H H L
H H L H L
H H H H H
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ADD1 | 1-Bit Full Adder ADD1
o 0]
0 O
gl 8 5
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DECODE4

2-to-4 Line Decoder

DECODE4

e Enable input

Functional Description

Logic Symbol
—A YO
—B Y1
Y2
—a G Y3

[T

Macrocell count:
Array inputs:

Product terms used:

Product terms allocated: 1

The DECODE4 macro decodes one of four active-HIGH output lines depending on the 2-bit
data inputs. The enable input, G, must be LOW to activate the decoder. You can use the
enable inputs to cascade multiple decoders.

4
3
4
6

Sample PDS Equivalent Function Table

Y3=(/G*B*A)

Y2 (/G*B*/A) Inputs Outputs

Y1=(/G*/B*A) B A[G]|Y0o Y1 Y2 Y3

YO = (/G*/B* /A) H L{H|{L L L L
L L{L]H L L L
L H{L|]L H L L
HL|iL|L L H L
HH{L|[L L L H

8-112 PALASM 4 USER'S MANUAL, SECTION lIil, LIBRARY REFERENCE February 1991



DECODEA4 2-to-4 Line Decoder DECODEA4

Y3

Y2

Y1

YO

URURURY
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MUX2 2-to-1 Multiplexer w/ Enable MUX2

Functional Description

Sample PDS Equivalent
Y1 =((A1* (/G * /SEL)) + (B1* (/G * SEL)))

il

e Enable input Logic Symbol

A1
B1

SEL
G

Y1

||

|

The MUX2 macro decodes one data-input line to select one of two data sources. The enable
input, G, must be LOW to enable the Y1 output.

Macrocell count: 1
Array inputs: 4
Product terms used: 2
Product terms allocated: 4

Function Table
Inputs | Outputs
Select | Strobe
Sel G Y1
X H L
L L A1
H L B1
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MUX2 2-to-1 Multiplexer w/ Enable MUX2

A1
>
B1
>
G
SEL
A=0/B=1
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MUX4 4-to-1 Multiplexer w/ Enable MUX4

e Enable input Logic Symbol Macrocell count: 1
Array inputs: 7
— DO YI— Product terms used: 4
8; Product terms allocated: 4
— D3

—A

—1B

R — G

Functional Description

The MUX4 macro decodes two data-input lines to select one of four data sources. The
enable input, G, must be LOW to enable the Y output.

Sample PDS Equivalent Function Table
Y=(DO*/B*/A*/G)+(D1*/B*A"*/G)
+(D2*/A*B*/G)+(D3*A*B"*/G)) Inputs Outputs
Select | Strobe
B A G Y
X X H L
L L L DO
L H L D1
H L L D2
H H L D3
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MUX4 4-to-1 Multiplexer w/ Enable MUX4

B

>
A

r'_—\
Do

——>
D1

L
D2

rﬁ
D3

>
G

L
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MENUS AND COMMANDS

The PALASM 4 software provides a unique
environment that furnishes all commands required to
develop a PLD or MACH-device design. This chapter is
divided into two major topics.

* The overview, 9.1, introduces the features and
conventions of the software.

+ The commands and options discussion, 9.2,
provides definitions and operational details for
commands on the File, Edit, Run, View, Download,
and Documentation menus.
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9.1 OVERVIEW Menus allow you to view and quickly select any
command you need to produce and debug a PLD or
MACH-device design. Using commands provided on
menus, you can create or retrieve a design, process it,
view and print reports, and download the JEDEC file to
a device programmer.

The top-level screen is shown next. Various areas are
identified and described after the figure.

PAILLASM 4 version 1.1
EDIT RUN VIEW DOWNLOAD DOCUMENTATION <F1> for Help

Retrieve existing design
Merge design files
Change directory
Delete specified files
Setup...

Go to system

Quit

Design Information

Cur.Directory : C\PALASM\EXAMPLES
Input Format : TEXT

Design File : <None>

Device Name : < None >

<Enter> or <F10> select, <Home, End, 1. -« > move cursor, <Esc> exit

The bar across the top of the screen contains all menu
names. A prompt on the right identifies how to access
online Help. Each name reflects the kinds of com-
mands on that menu.

+ The File menu provides the file management,
working environment, and system commands, as
discussed under 9.2.1.
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9.1.1 FEATURES

Begin new design
Retrieve existing design
Merge design files
Ch dir

Setup ...
Go to system

Quit

* The Edit menu provides commands to work on a
particular kind of file in either the text editor or
schematic editor, as described under 9.2.2.

* The Run menu lists all the commands you need to
process a design file, as discussed under 9.2.3.

« The View menu includes commands to display files
generated during each process, as described under
9.24.

« The Download menu provides access to
the device programmer via a programmer-
communication utility, as detailed under 9.2.5.

* The Documentation menu allows access to online
reference material, as described under 9.2.6.

Depending on the working environment setup, which
you define using the Set up command on the File
menu, current design information appears in the lower-
right corner of the screen. The status line at the bottom
of the screen provides messages and prompts that
change as needed.

Whether you're familiar with the environment or not, the
menus and commands are easy to work with. The
following features are standard.

»  Drop-down-style menus like the one shown here
» Dialog-box-style forms

«  Pop-up-style lists

« Keyboard invocation of commands

Commands, such as Set up, followed by ellipses,
display a submenu of additional commands. When you
select a command, one of three things may happen.

A. A process may be initiated, in which case, a
window usually opens.
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B. A submenu may appear listing additional
commands for you to choose.

C. Aform may appear where you supply additional

information.

D. An option list appears only when you select an
option field on a form.

A sample form is shown below. All forms presented in
this chapter show the default options as they appear
after first installing the software.

DELETE SPECIFIED FILES

This Utility deletes all files in the current directory
with the following extensions when ‘Y’ is selected.

SHEMATIC
PROCESS FILES

JNL
JXR
JNF
FLS
FLP
SRF
CRF
OXR

Others

K<

L*

TEXT
PROCESS FILES

BAK
TRE
T™MP
LIS
@”?
LOG

<K<

OUTPUT FILES

PL2

XPT
JED

HST
TRF
JDC
XRF
BLC

272222222

Each form provides one or more fields that typically
contain information you can accept or change; the
highlighted field is active. Most fields are composed of
a field name and a corresponding specification. Three
kinds of fields are provided: text, option, and status.

* You can type information, such as a file name,
directly into the highlighted (active) text field.

* You press [F2] to display a list of choices for the

active option field.
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When you select an option, the list is dismissed and
the specification on the form is updated.

Note: An error is reported if you attempt to type
into an option field.

* You cannot edit or change data in a status field.
It's provided for information only.

9.1.2 CONVENTIONS To use the software, you type the command shown in
bold at left from the operating system. The copyright
PALASM [Enter] screen appears, as shown below.

—
s
o
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[Enter] After you press a key to dismiss the copyright screen,
the PALASM menus become available. At this point,

you
and

use the keyboard to select commands and options
to activate fields in forms.

Table 1 describes how you select commands from
menus, submenus, and lists and how to fill in a form.

Table 1: Select a Command and Fill in a Form

TASK

KEYBOARD

Open / display a menu (select menu name)
Select a command from open menu, sub-
menu, or list

Select a field / move to next or previous field
Display options

Select option

Enter text

Edit text

Cancel form or list / return to previous menu
bar

Confirm specifications in a form

Press arrow keys to highlight menu name.
Type the first letter of the command, which is
capitalized, or press arrow keys to highlight
command, then press [Enter].

Press arrow keys to highlight field.

Press [F2].

Press arrow keys to highlight item, then press
[Enter] to select item.

Type new text.

Move cursor and backspace or retype.

Press [Esc].

Press either [Enter] or [F10].

When you enter a form, the first field is active
unless it’s a status field. You can enter data,
change data, or select another field.

When you leave a form, you're returned to the
previous form, submenu, or menu. You can select
another command or exit.

When you return to a menu or submenu, the
command associated with the form remains
highlighted.
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9.2 COMMANDS
AND OPTIONS

Discussions are divided according to menu name or
function, starting with the File menu at the left and
moving across the menu bar to the right.

s+ 9.2.1, File Menu

e 922, Edit Menu

* 9.23, Run Menu

+ 9.24, View Menu

« 9.25, Download Menu

* 9.2.6, Documentation Menu
« 9.2.7,[F1]for Help

Within each discussion, commands are explained in
logical order starting at the top of the menu and working
through to the end.

* Any submenu or form that appears when you select
a command is explained under the corresponding
command discussion.

» Definitions for each field in a form are discussed in
order, beginning at the top of the form and working
through to the end.

* Choices for each field are discussed in order.
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9.2.1 FILE MENU

Begin new design
Retrieve existing design
Merge design files
Change directory
Delete specified files
Setup ...

Go to system

Quit

9.2.1.1
Design

Begin New

Retrieve existing design
Merge design files
Change directory
Delete specified files
Setup...

Go to system

Quit

directory.

The File menu appears automatically when you enter
the software environment. As shown on the left, this
menu provides two kinds of commands.

+ File management commands
Begin new design
Retrieve existing design
Merge design files

» Software-environment commands
Change directory
Delete specified files
Setup ...
Go to system
Quit

Depending on the working environment you define
using the Set up command, current design information
may appear in the lower-right corner of the screen.

This command is automatically highlighted each time
you enter the software environment. Each new file you
create is stored in the current working directory.

When you select the Begin new design command, a
form appears so you can specify the file type and
name.

Input format: TEXT
New file name:

Refer to discussion 9.2.1.4, in this chapter, for details about changing the current working
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Input format: Text

New file name:

This option field specifies the type of design you'll

produce. Text refers to a text-based PDS file, which is

the default.

To produce an OrCAD/SDT |l schematic-based design,

you must press [F2] to display the options and select

Schematic.

Note: Schematic-base designs are supported only for

MACH devices.

You type the name, which must adhere to standard
DOS naming conventions, in the new file name text
field.

* Use any combination of upper- and/or lowercase

letters, numbers, the underscore, _, and dollar sign,

$, characters.

* Use up to eight, 8, characters and an optional
extension: either .PDS for Boolean or state-

machine designs or .SCH for schematic designs.

When you confirm your specifications, the name you
specified is compared with existing file names.

« If the name corresponds to an existing file of the
same type, you're asked if you want to overwrite
the existing file.

In this case, you respond by typing the letter Y to

overwrite the old file or the letter N.

« If the name is unique, one of two forms appears,
depending on the kind of file you specified.

Each form is described next.
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Text-Based Design Form After confirming a text-based format and design name,
you're immediately transferred to the form shown
below. The fields on this form assist you in completing
the declaration segment of the PDS file.

PDS Declaration Segment
Title
Pattern
Revision
Author
Company
Date 08/15/90
CHIP ChipName= |cntr Device = | ]
P/N  Number Name Paired with PIN Storage ;comment

Enter Header Data. [Press <ESC>=abort, Fl=help, Fl0=save & exit]

The Title field is active when the form appears. You
can either type a title or select a different field. The
text and option fields on this form are described below.

« Title, Pattern, Revision, Author, and Company fields
can contain up to fifty-nine, 59, characters,
including any combination of alphanumeric
characters or symbols.

« Date provides today's date automatically, as
specified by the operating system, which you can
change if you use the ##/#i#/#i# format.
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» ChipName currently displays the design file name
without the extension.

You can specify a new chip name of up to eight, 8,
alphanumeric characters.

« Device refers to the type of device for the design.

Options include all PLD and MACH device types.
You must specify a device type before saving
information and leaving the form.

* P/Nidentifies the statement as either a pin or node
statement.

Options include a blank and two types: pin and
node.

* Number requires a pin or node location, which can
be either a whole number that fixes the location on
the device or, for MACH devices only, a question
mark, ?, that defines a floating location.

» Name requires a pin or node name.

» Paired with pin is an optional node attribute; if used,
you must enter the number of the pin to which the
node will be paired.2

» Storage refers to the optional storage type.

Options include a blank and three types:
Combinatorial, Latched, or Registered. Combi-
natorial is the default, which is used if this field is
left blank.

2 Refer to Chapter 10, in this section, for details about the following topics: using the question mark
to float pin and node locations, naming syntax in pin and node statements, and pairing a node
with a pin.
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« Comment adds an optional comment to the
statement, which is preceded by a semicolon in the
PDS file but not on the form.

Options include Input, Output, 10, Clock, and
Enable.

After you create and confirm specifications, you're
transferred to the text editor and the PDS file is
displayed.

Schematic-Based Design Press [F2] and then press [Enter] to select a schematic-
Form based format and design name. Two files are
automatically created.

« An empty schematic worksheet file is created using
the name you specified.

« An empty control file is created using the design
name with a .CTL extension, design.CTL; then
you're immediately transferred to the control-file
form shown next.
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Title
Pattern
Revision
Author
Company
Date

Schematic CTL File Information

08/15/90 |

CHIP  ChipName =

Device = | |

Enter Header Data. [Press <ESC>=abort, Fl=help, F10=save & exit]

When the schematic data is converted to a PDS format,
the information in this form provides the declaration
segment of the PDS file.

The Title field is active when the form appears. You
can either type a title or select a different field. The
text and option fields on this form are described next.

Title, Pattern, Revision, Author, and Company fields
can contain up to fifty-nine, 59, characters,
including any combination of alphanumeric
characters or symbols.

Date provides today's date automatically, as
specified by the operating system, which you can
change if you use the ##/##/## format.

ChipName currently displays the design file name
without the extension.

You can specify a new chip name of up to eight, 8,
alphanumeric characters.

February 1991
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Important: Chipis a reserved word and cannot
appear in any field, unless embedded in another
word, such as ChipDate.

« Device, is provided where you specify the MACH
device type for the design.3

You must specify a device type before saving
information and leaving the form.

After you create and confirm specifications, you're
automatically transferred to OrCAD/SDT IIl.4 A blank
worksheet with the name you specified earlier is
available along with the AMD-supplied MACH library.
You can begin placing symbols and wires to produce
the schematic file.

Important: You must enter OrCAD/SDT lll in this
manner to use the AMD-supplied library for MACH-
device designs.

3 Refer to the PALASM 4 online release notes for a listing of devices with JEDEC support.

Refer to the OrCAD/SDT Ill Schematic Design Tools manual for details about using the schematic
editor.
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9.2.1.2 Retrieve an
Existing Design

Begin new design

Merge design files
Change directory
Delete specified files
Setup ...

Go to system

Quit

Input format: Text

File name:

You select this command and complete the form below
to identify an existing design in the current working
directory you want to edit or process.>

The form that appears is similar to the one you com-
plete to create a new design file.

Input format: TEXT
File name: * x

This option field specifies the type of design you'll
produce. Text refers to a text-based PDS file and is the
default.

To edit or process an OrCAD/SDT Il schematic-based
design, you press [F2] to display the options and select
Schematic.

You type the design name in this intelligent text field.

Note: Initially, the name field may be blank or may
include *.*, however, once you create or retrieve a file,
the form includes the name of the current design.

« If the field is blank, you can type a name.

» |f the field contains *.*, a list of all file names
appears when you press [Enter].

You can enter *.PDS or *.SCH to display a list of
specific files to select.

5 Refer to discussion 9.2.1.4, in this chapter, for details about changing the current working

directory.
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After you confirm your specifications, you can choose
any command to specify the operation you want to
perform. Depending on your working-environment
setup, current design information may appear in the
lower-right corner of the screen.

9.2.1.3 Merge You select the Merge design files command and
Design Files complete the form below to initiate a process where you
can combine design files.6 The form that appears is
similar to the one you complete to create a new design.

Begin new design
Retrieve existing design Input format: TEXT
Text output file name: *.*

Change directory
Delete specified files
Setup ...

Go to system

Quit

Input format: TEXT You can combine only PDS files. Therefore, the Input
format field on this form is a status field that you cannot
activate or change.

Text output file name: You type the name of the output file that will include all
combined data in this field; the name must adhere to
standard DOS conventions. The output file is stored in
the current working directory.

Important: After you confirm the output file name, the
merge process is initiated which includes compiling the
design file and then the merge screen appears.

Four menus, Files, Editor, Resolution, and Setup,
provide all commands for the merge process.

6 Refer to Section Il, Chapter 4, for guidelines to use when merging design files.
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Status fields across the center of the screen identify the
output file name, current input file name, and the
number of files combined during this session.

Initially, the output file name is specified. However, the

input file name is not listed because you have not yet

retrieved the first input file.

The detectable-conflicts and pin-summary tables reflect
the status of a comparison that’s made after you

The next figure shows the merge-process screen.

retrieve an input file or resolve conflicts. Messages and
prompts appear at the bottom of the screen as usual.

MERGE DESIGN FILES

EDITOR RESOLUTION

SETUP

—_—

Get next input file
Merge files

List combined files
Save

Abandon input
Quit

Output File CNTR.PDS

Detectable Conflicts

Input File

State
Pins/Nodes
Strings
Vectors
Conditions
Architecture

CSOOCOOO

Files Combined 0

Pin Summary OUTPUT INPUT

Pins 0 0
Nodes 0 0
Floating 0 0
Unreferenced 0 0

Specify file name for next input file.

[ <Enter> Select <Esc> Exit ]

Initially, the input buffer is empty; the output buffer con-
tains only empty declaration and equation segments.
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Important: Following discussions define each merge-
process command and all related forms and options.
Menus are discussed in order from left to right; com-
mands are discussed in order from first to last.

Files Menu The merge process stores files temporarily in the input
and output memory buffers. All commands on this
menu, except Quit, operate on files in the memory
buffers.

Get Next Input File This command is highlighted when you begin the merge
process. When you select this command, a form
appears with the intelligent text field shown below.

Merge files *.pds

List combined files

Save

Abandon input

Quit You can either type a file name or display a list of files

and select a name from the list.

« If the form contains *.pds; press [F2] or [Enter] to
display a list of all PDS files.

» If the form contains *.*, press [F2] or [Enter] to
display a list of all files; however, you can only
select a PDS file.

In any case, after you confirm the name, the following
process is completed.

» Design data is loaded into the input buffer; the
status line in the center of the screen reflects the
name of the input file.

* The design is parsed, expanded, and minimized.

If errors are detected, the input file is abandoned
and the input buffer is cleared automatically.
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Merge Files

Get next input file

List combined files
Save

Abandon input
Quit

List Combined Files

« Datain the input buffer is compared with data in the
output buffer.

The pin-summary table reflects the status of the
design in the input buffer. If design data is in the
output buffer, the detectable conflicts table reflects
the number of signal name or pin location conflicts
between the two buffers.

You select this command, after resolving conflicts, to
move the input file into the output buffer. Data in the
two buffers are combined into a single design in the
output buffer; the input buffer is cleared.

The status field in the center of the screen, which
identifies the number of files combined during this
session, increments by one.

Important: If you initiate the Quit command before
merging data in the input buffer with data in the output
buffer, a warning appears and asks if you are sure you
want to quit. In this case,

* Y confirms you want to quit without merging
data.

* N cancels the quit command so you can merge
and save the data.

This command lists the names of all files you've
combined during this session. You cannot select or edit
any name in the list.

Get next input file
Merge files Merged.PDS
Super.PDS
Save Counter.PDS
Abandon input
Quit
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Save

Get next input file
Merge files
List combined files

Abandon input

Quit

Abandon Input

Get next input file
Merge files
List combined files

Get next input file
Merge files

List combined files
Save

Abandon input

The Save command writes all data in the output buffer
to the specified output file. Until you select this
command, data resides only in a memory buffer.

Important: You must merge files to move data from
the input buffer into the output buffer. Then save data
in the output buffer to write it to the output file.

You use this command to clear the input buffer if you
find the file is not appropriate to merge with data in the
output buffer. The input-file status field in the center of
the screen identifies the name of the input file; however,
the field is cleared automatically either when the file is
abandoned or after merging.

You use the Quit command to leave the merge process
and return to the PALASM environment. When you
select this command, you are asked to confirm ending
the session.

Are you sure? Y/N

* Y returns you to the PALASM environment.
« N cancels the Quit command.

9-20
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Important: If you initiate the Quit command before
merging data in the input buffer with data in the output
buffer, a warning appears and asks if you are sure you
want to quit. In this case,

* Y confirms you want to quit without merging
data.

* N cancels the quit command so you can merge
and save the data.

Also, if you initiate the Quit command before saving

data in the output buffer, a warning states the design
has changed since the last save and asks if you are

sure you want to quit. In this case,

» Y confirms you want to quit without saving
changes.

* N cancels the quit command so you can save the
data.

Editor Menu This menu provides two editor commands for the merge
process. You cannot edit information in either the input
or output buffer. However, you can edit any file and
you can view information in the output buffer. The
Resolution menu offers a command to edit the pin/node
list in the output buffer.

Edit a File You select this command to correct design errors
discovered when you retrieved the input file or to edit
header data, device type, or pin locations in a combined
design. When you select this command, a form
appears containing an intelligent text field, as shown.

View the output buffer

* pds

You can either type a file name or display a list of files
and select a name from the list. In either case, after
you confirm the name, the text editor becomes
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available and the designated file is displayed on the
screen.” To return to the merge process, you must quit
from the text editor as usual.

View the Output Buffer When you select this command, a view of the combined
design in the output buffer appears on the screen.
However, you cannot edit in view mode.

To return to the merge process from view mode, just
press [Esc].

Resolution Menu This menu provides commands to resolve conflicts
between designs.

Recommendation: It's important to resolve conflicts
before you merge the design in the input buffer with the
design in the output buffer.

Resolve Detectable You use this command to display the conflict resolution
Conflicts form. Detectable conflicts occur when signals in the
input and output buffer have the same name or pin
number. These conflicts can be resolved from the
conflict resolution form, shown next.

Bind pins/nodes
Edit pin/node list

7 Refer to Section V, Appendix A, for command definitions for the AMD-supplied text editor.
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CONFLICT RESOLUTION

Output File Input File Action Substitute

RESET RESET RENAME INPUT

Output File: Pin ? CLOCK COMB
Input File: Pin ? CLOCK COMB
RESOLUTION: RENAME INPUT -- In input file change
‘PIN ? CLOCK COMB’ to ‘PIN ? CLOCK_001 COMB’

This form includes two columns with option fields and

two columns with status fields.

» Status fields: Output File and Input File

» Option fields: Action and Substitute

Output File: This column heading identifies the name under which

combined data in the output buffer will be saved.

Each status field in this column identifies a signal name

that conflicts with a signal in the input buffer. Only
conflicting signals are listed. However, you cannot

activate or edit status fields in this column.
Input File:

This column heading identifies the file in the input

buffer.

Each status field in this column lists a signal name that
conflicts with a signal in the output buffer. Again, you

cannot activate or edit fields in this column.
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Action This column identifies the recovery for each signal
conflict. The first item in this column is active when the
form appears. Possible recovery actions include the
following.

* Rename input
* Bind

The default action is to rename the signal in the input
buffer; this option fills each row when the form appears.
The name that will be used appears in the Substitute
column.

Important: When you intend to use separate signals,
you must rename one.

If you intend to use the same signal, you must bind
them together using a common signal name.

To bind signals, you

» Press[Tab] to highlight the action field that
corresponds to the pertinent conflict, then display
the options as usual.

»  Select Bind from the list.

In this case, Bind appears in the action field and the
name in the output buffer becomes the common
name. You can change the common name as
explained under Substitute.

Wildcard appears as an action in a field when you
specify no floating input pins as a setup option and two
pins are assigned to the same pin location on the
device. Inthis case, a question mark is automatically
assigned to the pin location in the input buffer. To
restore the pin location specified in the input buffer, you
must edit the pin/node list after combining the files.
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Important: Wildcard is not available on the list of
options.

Substitute The fields in this column identify the name that will
replace every instance of the signal name in the input
buffer.

« If the action is to rename the input, the substitute is
based on the naming strategy you specified using
the Set renaming strategy command on the Setup
menu.

+ Ifthe action is to bind signals together, the
substitute name is taken from the design in the
output buffer.

When the action is set to rename, you can change the
substitute name by selecting this field and typing a new
name.

Status information Information at the bottom of the form identifies the exact
pin or node statements in conflict and how the state-
ment in the input buffer will change. For example,
when you rename a signal the corresponding message
reads as follows.

RESOLUTION: RENAME INPUT "~ In input file change
‘PIN ? CLOCK COMB* to ‘PIN ? CLOCK_001
comB’

When you bind signals together, the corresponding
message reads as shown below.

RESOLUTION: BIND __ pin definitions are identical

In either case, the status at the bottom of the form
reflects the automatic change. If you alter the action or
substitute name, the status won't reflect this until you
confirm, leave the field, and return to it.
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Bind Pins/Nodes

Resolve detectable conflicts

You use this command to display the Bind form, shown
next. You can use this form to bind signals of different
names to a common signal name. Initially, this form
includes only those signals you bound together using
the Bind action on the conflict-resolution form.

BIND

Output File
GT1

Input File Action Substitute

Output File: Pin? CLOCK COMB
Input File: Pin ? CLOCK COMB
RESOLUTION: BIND — In input file change
‘PIN ? CLK COMB?’ to ‘PIN ? CLOCK COMB’

Output File

This form is similar to the conflict resolution form;
however the field types differ as follows.

« Option fields: Output File and Input File
» Status fields: Action and Substitute

This column heading identifies the name under which
combined data will be saved.

Each option field in this column identifies a signal in the
output buffer that is bound by a common name to a
signal in the input buffer.
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Blank fields are provided so you can bind signals with
different names to a common name. When a blank
field is active, you press [F2] to display a list of all
signals in the file, then use arrow keys and [Enter] to
select a name to fill in the field. An example follows.

Output File

BIND

Input File Substitute

CLOCK COMB
CLOCK COMB
BIND — In input file change

N ? CLK COMB’ to ‘PIN ? CLOCK COMB’

Input File

You repeat this process with the Input File column. The
substitute name is taken from the output buffer.

This column heading identifies the name of the file in
the input buffer.

Each option field in this column identifies a signal in the
input buffer that is bound by a common name to a
signal in the combined design in the output buffer.

Blank fields are provided so you can specify binding
signals with different names to a common name, as
described under Output File.
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Action The option field in this column lists Bind when the form
first appears. Options for this field include the following.

* Bind
« No action

Bind is the default action. You can select the action
field, display a list of options, and select No action to
cancel the bind operation for associated signals.

Substitute This status field lists the common name that will replace
every instance of the original signal name in the input
buffer. The common name is taken from the pin in the
output buffer. The default substitute name is the one
that's used in the output. You cannot edit the substitute
name field in this form. However, you can edit the
combined design later to change the common name.

Status information Information at the bottom of the form identifies the exact
pin or node statements and how the statement in the
input buffer will change. For example,

RESOLUTION: BIND -— In input file change
‘PIN ? CLOCK COMB® to ‘PIN ? CLK COMB’

Edit Pin/Node List This command displays a form that includes the
header, device type, and pin statements in the output
buffer. This form looks and operates like the new PDS

- file declaration-segment form discussed under 9.2.1.1
Resolve detectable conflicts and shown opposite.

Bind pins/nodes

You can use this form to edit information in the output
buffer.8

For example, the Bind form allows you to treat pins in
the input and output buffers as the same pin; however,
the common.name is taken from the pin in the output
buffer.

Refer to discussion 9.2.1.1 for details about using the text-based design form.
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You can edit the combined data in the output buffer
after you merge, to choose a new name for a pin. In
addition, you can edit header information or the device

type.

The header information is taken from the first input file.
Headers in all other input files are disregarded.

Important: You can use a question mark, ?, in the
number field to specify a floating pin or node location.
The storage type and comment fields are optional.

Also: [f you enter new pin/node statements and run out
of empty fields, just press [F10] to save the current
changes and return to the merge process, then select
Edit pin/node list again to display the form. Each time
you enter this form, 20 empty pin/node fields become
available.

PIN/NODE
Tide 16 Bit Counter
Pattern EXCNT2
Revision |A
Author Gail
Company | ADVANCED MICRO DEVICES
Date 09/02/90
CHIP ChipName= [EXCNT2 Device= [MACHI10 |
P/N  Number Name Type Comment
Pin ? CARRY REGISTERED
Pin ? CLK REGISTERED
Pin ? COUNT REGISTERED
Pin ? Q1 REGISTERED
Pin ? Q2 REGISTERED
Pin ? Q3 REGISTERED
Pin ? Q4 REGISTERED
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Setup Menu

Options

Set renaming strategy

Pin sort order

Float pins on input

This menu provides commands you use to set up the
merge environment.

When you select this command the form below appears
listing the options you can set.

Pin sort orde:

Float pins on input: ;

Reuse input files

The pin-sort order field is an option field that determines
how signals are listed in pin/node statements when you
want to edit the pin/node list. Available options are
listed below.

OPTIONS DEFINITIONS

Read order List names in the order in
which they are read.

Last pin first List names in reverse read
order.

Pin number, name Sort the list by pin number,
then name.

Name Sort the list alphabetically by
name.

This is a Yes/No text field. Other entries are not
accepted.

+ Y, the default, specifies floating all pins on input.

In this case, pin numbers specified in the design file
are changed to a question mark, ?, to indicate
floating.

* N specifies using the pin numbers assigned in the
design file.
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Recommendation: It is best to float pins on input to
eliminate pin location conflicts. However, if you do not
float pins on input and there are two pins assigned to
the same location, the location in the input file will be
floated automatically. You must then edit the pin/node
listin the combined file after merging to restore the
Loriginal pin location.

Reuse input files This is a Yes/No text field field. Other entries are not
accepted.

* Y lists the names of all files when you use the Get
next input file command.

In this case, when you type either *.* or *.PDS into
the file name form, followed by [Enter], the resulting
list contains the names of all files.

* N, the default, ensures the names of files merged
during this session do not appear in the file name list
that appears when you get the next input file.

Set Renaming Strategy This command allows you to redefine the strategy for
default substitute signal names. When you select this
command, the form below appears.

|| s #

The field contains the default specification, which
means that substitute signal names will be composed of
all or part of the existing name, an underscore
character, and a three-digit number: name_001.

= $is replaced with the original name. When
necessary, the name is truncated so the entire
resulting name does not exceed 14 characters.
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9.2.1.4 Change
Directory

Begin new design
Retrieve existing design
Merge design files

Delete specified files
Setup ...
Go to system

Quit

e #ensures that unique names are produced and
should be included in any naming strategy. If
existing signal names include numbers, these
numbers are automatically skipped when substitute
names are produced.

- _ allows you to quickly spot substitute names and
the numbers assigned.

All files are stored in, and retrieved from, the current
working directory; all commands operate on the files in
the current working directory.

When you select this command to change the current
working directory, a form appears with a text field that
identifies the path to the current directory.

C\PALASM\EXAMPLES

You can replace all or part of the existing path name with
a new one. The new path name must include a valid
drive, directory, and subdirectory.

After you confirm the new path, the specified directory
becomes the current working directory. Depending on
the setup you've defined using the Set up and Working
environment commands, the new path may appear in the
lower-right corner of the screen.
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9.2.1.5 Delete
Specified Files

Begin new design
Retrieve existing design
Merge design files
Change directory

Quit

Setup ...
Go to system

This command initiates a process to delete specified
files from the current working directory. When you
select this command, a form appears listing all process-
related files. Design files are not listed.

« Schematic-process files are created when you
convert schematic data to a PDS file.

+ Text-process files are created when you compile or
simulate a PDS file.

»  Output files show various process results you may
be interested in viewing.

» Others *., in the left column, is an option field where
you can type a specific file extension that’s not

listed.
DELETE SPECIFIED FILES
This Utility deletes all files in the current directory
with the following extensions when ‘Y’ is selected.
SHEMATIC TEXT
PROCESS FILES PROCESS FILES OUTPUT FILES

JNL Y BAK Y PL2 N
JXR Y TRE Y XPT N
JNF Y TMP Y JED N
FLS Y LIS Y HST N
FLP Y @” Y TRF N
SRF Y LOG Y JDC N
CRF Y XRF N
OXR Y BLC N
Others *,

Names are identified by file extension. The text field
beside each extension contains the letter Y, Yes, or N,
No; all files marked with a Y will be deleted. The
default is to delete all files except those listed under
Output files, which includes results you may be
interested in viewing.
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9.2.1.6 Set Up

When you confirm the information in this form, the
designated files are deleted.

This command allows you to identify software-
environment and process preferences. For example,
you can suppress certain forms that might otherwise
appear each time you begin compilation or simulation.

Begin new design In addition, you can identify a preferred editor and
Retrieve existing design communication program over those supplied by AMD.
Merge design files

Change directory The submenu that appears when you select this
Delete specified files e su pp Y

command offers additional choices as explained below.

Go to system

Quit

Working Environment This command is used to specify preferences for your
working environment. When you select this command,
the form below appears providing text fields that display

the specifications currently in effect.

Compilation options
Simulation options
Logic synthesis options

Editor program: C\PALASM\EXE\ED.EXE

RS-232 communication program: C:\PALASM\EXE\PC2.EXE
Provide compile options on each run: Y

Provide simulation options on eachrun: Y

Display design information window: Y

Turn system bell on: N

Generate netlist report: Y
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Editor program: This field specifies the path name to the text editor you
use to create and edit PDS, simulation, and other text
files. The default path name identifies the location of the
AMD-supplied text editor.®

+ If you change the path, a preferred editor will be
available for viewing and editing files.

« If the path you supply is incomplete or incorrect, the
editor will not be found.

RS-232 communication ... This field provides the path name to the software that’s
required to communicate with the device programmer
when you download the JEDEC file. The default path
name identifies the location of the AMD-supplied
communication program.

« If you change the path, a preferred program will be
used during the download process.

» If the path you supply is incomplete or incorrect, the
program will not be found.

Provide compile options ... This field specifies when to display the form that defines
compilation options.

« Y displays the form each time you select either the
Compile or Both command from the Run menu.

» N displays the form only when you select the Set up
command from the File menu followed by the
Compilation options command from the submenu.

Provide simulation opt ... This field specifies when to display the form that
identifies the simulation-file option.

« Y displays the form each time you select either the
Simulation or Both command from the Run menu.

Refer to Section V, Appendix A, for a summary of the AMD-supplied text editor commands and
operations.
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Display design informa ...

Turn system bell on:

» N displays the form only when you select the Set up

command from the File menu followed by the
Simulation options command from the submenu.

Current design information includes the working
directory, input format, design file name, and device

type.

« Y displays current information in the lower-right
corner of the screen.

* N suppresses the information.

A bell tone can warn you of syntax errors and illegal
actions while working with the software.

» Y sounds the tone.
* N suppresses the tone.

Generate netlist report: A netlist report is generated when schematic data is
converted to a PDS file.
« Y generates the report.
» N suppresses the report.
Upon confirmation, you're returned to the Setup
submenu. Specifications take effect as soon as you
confirm them, though it may not be obvious until you
take a particular action.
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Compilation Options

Working environment

Simulation options
Logic synthesis options

Log file name:

You select this command to display the form that
defines compilation options for the current design, as
shown below.10

COMPILATION OPTIONS
Log file name: PALASM.LOG
Run mode: AUTO
Process from

Format: SCHEMATIC File: ORCADDMA.SCH

Check syntax: N Merge mixed mode: N
Expand Boolean: N Minimize Boolean: Y
Expand state: N Assemble: N

The form includes status, option, and text fields.

Two status fields in the center of the form identify
the input format and file name.

One option field, Run mode, allows you to specify
either automatic or manual compilation.

Text fields are provided so you can confirm or
cancel options that will be used when you specify
manual run mode.

All error, warning, and status messages that scroll by

during software processes are stored in the execution-
log file named in this text field. The information stored in
the log is replaced each time you run a new process.

The default file name is PALASM.LOG. To retain
additional versiors, you can assign a different name
using standard DOS naming conventions. To view any
but the most recent log, you must use the Other
command on the View menu.

10 Depending on the working environment setup you've specified, the compilation form may appear
automatically when you select either the Compile or Both commands from the Run menu.
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Run mode:

Check Syntax:

Expand Boolean:

Expand State:

Merge Mixed Mode:

Minimize Boolean:

The list associated with this option field provides two
choices: Auto and Manual.

Automatic mode performs all functions to process a
design and ignores specifications in the lower part of the
Compilation Options form.

Manual mode performs only those functions specified on
the lower part of this form, though it may result in a less
than optimal process and result.

Important: The specifications in the following text
fields apply only when manual run mode is specified.

This field specifies whether or not a syntax check is
made on the PDS file. Any errors discovered during this
check must be corrected before compilation can be
completed.

This field specifies expanding Boolean equations in the
PDS file. Expansion means all equation definitions are
expanded into individual equations.

A compiled PDS file contains only Boolean equations.
This field specifies whether or not state-machine
descriptions are expanded to Boolean equations.

This field specifies whether or not to merge a design that
contains both Boolean and state-machine descriptions.

Minimization reduces a set of Boolean equations to a
sum-of-products form that usually involves fewer product
terms or literals. This field specifies minimizing Boolean
equations in the PDS file.
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Assemble:

Assembly translates information in a .TRE file and
produces a JEDEC fuse map file for all PAL and PLS
device designs and a MACH report for all MACH-device
designs. This option field specifies whether or not
assembly is performed.

If you're working on a MACH-device design, a MACH
Fitting Options form appears after you confirm options on
the Compilation Options form.

OUTPUT:
Report level

SIGNAL PLACEMENT:
Force all signals to float?
Use placement data from

FITTING OPTIONS:
When compiling

MACH FITTING OPTIONS

Save last successful placement ~ <F3>
Press <F9> to edit file containing  Last sucessful placement

Detailed

Y
Design file

Run all until first success

Report level

The MACH Fitting Options form specifies options
unique to fitting MACH-device designs. The form
includes status, option, and text fields.

+ Option fields allow you to specify preferences for
output reports, signal placement, and fitting options.

« One text field, Force all signals to float, allows you
to specify either yes or no.

» A status field in the center of the form indicates you
want to save the last successful placement.

This option field provides two report choices for MACH-
device designs; the default is Detailed.
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Force all signals to float?

Use placement data from

Save last successful placement

OPTIONS ~ DEFINITIONS

Brief Suppresses information

Detailed Provides all available data on
the fitting process

This text field identifies whether the pin and node
locations specified in the design file are used or ignored.
If you type a Y in this field, the design-file placement is
ignored and all pin and node locations are left floating;
the software chooses locations automatically.

This option field allows you to specify the source of the
signal-placement data to be used during the next fitting
process.

OPTIONS DEFINITIONS

Design file Use the pin/node statements
in the PDS file.

Last successful Use data in the .PLC file,

placement from the last successful
placement.

Use data in the .BLC file
saved by pressing [F3] after
an earlier successful fitting
process.

Saved placement

Note: You can override any of these placement options
by typing the letter Y in the Force all signals to float
field.

Data generated during the last successful fitting process
is automatically stored in a file named after the design
with a .PLC extension: design.PLC. The PLC file is
overwritten during each successful fitting process.

This status field indicates you can permanently store
the last successful placement in a file, named after the
design with a .BLC extension. Press [F3] after a
successful fitting process to create this file. This field
cannot be selected.
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Press [F9] to edit file containing

‘When compiling

You can edit the results of a successful placement to use
during the next fitting process. For example, you can
edit a pin placement to suit specific design constraints.
This option field specifies which results are displayed in
the text editor when you press [F9].

OPTIONS DEFINITIONS
Last Successful Edit the PLC file, which con-
tains the results of the last
successful placement.

Saved Placement Edit the BLC file, which con-
tains the results of an earlier
successful placement saved

by pressing [F3].

The default is to display results in the PLC file from the
last successful placement. This form must be visible
when you press [F9].

This option field allows you to specify one of four fitting
strategies; the default is Run until1st success: STD.

OPTIONS DEFINITIONS

Use all fitting options Run all possible combinations;
do not stop on first success.

Run until 1st success: Run all possible combina-
STD tions; stop at first success.
Does not execute extra
macrocell itterations.

Run until 1st success: Run all possible combinations,

EXTRA including extra macrocell
itterations. Stops at first
success.

Select one combi- Choose a placement or
nation. resource specification from a
new form that appears.

See the PALASM 4 Release Notes that accompany
this software for more information on the Run until 1st
success option.

After you choose the Select one combination option, a
form appears with additional specifications. All fields on
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Maximize packing of logic blocks?

Expand small PT spacing

Expand all PT spacing

this form are text fields where you can enter Y, Yes, or
N, No. The default in each case is Y, which enables
the corresponding item.

Maximize packing of logic blocks? Y
Expand small PT spacing?
Expand all PT spacing?

<=

This field specifies packing as many macrocells as
possible into each logic block versus holding some
macrocells in reserve.

e Y places as many macrocells as possible into each
block.

* N holds some macrocells in reserve.

This field allows more flexibility in choosing macrocell
placements and switch-matrix paths for feedback
signals.

« Y leaves adjacent macrocells empty when functions
with less than four product terms are placed.

« N disables the option to leave adjacent macrocells
empty.

This specification provides extra switch-matrix resources
for intrablock routing. Additional resources are needed
for designs that contain many inputs that feed multiple
blocks. These resources can be reserved during signal
placement by leaving adjacent macrocells empty.

» Y skips one macrocell between each placed signal.

« N disables the option to skip one macrocell
between each signal.’1

" Refer to Section II, Chapter 5, for further details regarding these three fitting strategies.
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Simulation Options

Working environment
Compilation options

Logic synthesis options

Use auxiliary simulation file:

When you select this command for non-MACH-device
designs, a form appears that allows you to define where
simulation commands are stored.

Use auxiliary simulation file: N

When you select this command for MACH-device
designs, the form that appears has an additional option
field. This additional field allows you to specify the
source of the signal placement data to be used during
simulation and test vector generation.

Use auxiliary simulation file: N
Use placement data from: Design file

Simulation commands can be stored in a separate
auxiliary file, named after the design with a .SIM
extension. Though you can store commands
separately anytime, it is particularly important to do so
in the following instances.

*  When you merge multiple PDS files into a single
MACH-device design, the simulation segments are
automatically removed.

You can use existing simulation commands within
each design as a guide to produce a separate
auxiliary simulation file.

«  When creating schematic-based designs for MACH
devices, no simulation commands appear in the
resulting PDS file.

Subsequent debugging and compilation overwrites
the resulting PDS file so it's best to store simulation
commands in a separate file.
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Use placement data from: This option field allows you to identify the source of the
signal placement data needed to generate test vectors
during simulation. For MACH-device designs, test
vectors will not be generated if signal placement data is
not available. You can choose from three options.

OPTIONS DEFINITIONS

Design file Use the pin/node statements
in the PDS file.

Last successful Use data in the .PLC file,

placement from the last successful .
placement.

Saved placement Use data in the .BLC file
saved by pressing [F3] after
an earlier successtful fitting
_process.

When selecting one of the above options, the following
considerations apply.

» If the design file specifies any pins as floating, use
this option field to select the placement data in
either the .PLC or the .BLC files.

« If the design file specifies any pins as floating and
you select the Design file option, test vectors will
not be generated during simulation unless you first
back annotate signal placement data from either
the .PLC or .BLC files.

Logic Synthesis Options This command allows you to specify preferences for
pairing, gate splitting, register optimization, polarity, and
treatment of unspecified default conditions.

Working environment
Compilation options When you select this command, a form appears that
Simulation options contains text and option fields that display specifications

currently in effect.
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LOGIC SYNTHESIS OPTIONS

Use automatic pin/node pairing? N

Use automatic gate splitting? N ...if’Y’,Max=4
Optimize registers for D/T-type Best type for device
Ensure polarity after minimization is Best for device

Use 'IF-THEN-ELSE’,’CASE’ defaultas Don’t care

Use automatic pin/node pairing?

Use automatic gate splitting?

12

This text field defines whether pairing a node with a pin
is enabled or not.

» Y specifies automatic input and output pairing.
« N disables automatic pairing.12

This text field allows you specify whether or not product
terms are allocated from adjacent macrocells in a
different block of the device during compilation.

* Y enables gate splitting and allows you to specify
up to the maximum number of product terms that
can be allocated between MACH blocks.

+ N disables gate splitting.

This option field defines the total number of product
terms that can be allocated between adjacent macrocells
in different blocks when automatic gate splitting is
enabled. Options include the following; 4 is the default.

OPTIONS DEFINITIONS

4 Four product terms

8 Eight product terms
12 Twelve product terms
16 Sixteen product terms

Each macrocell contains four product terms. Therefore,
gate width is defined as the number of product terms

Refer to Chapter 10 for details about pairing a node with a pin.
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Optimize registers for D/T-type
|

Ensure polarity after..,

rounded up to the nearest multiple of four. The
maximum gate width is device dependent.

« A maximum gate width of 12 product terms is
allowed for MACH 1 device designs.

* A maximum gate width of 16 product terms is
allowed for MACH 2 device designs.

This option field allows you to specify which register type
is required for the design. You can choose from four
options.

OPTIONS DEFINITIONS
As specified in design Leave design as specified.
file

D, change all to D-type | Convert flip-flops to D-type.
T, change all to T-type Convert flip-flops to T-type.

Best type for device Convert flip-tlops first to one
type then to the other, com-
pare results, then choose
best type based on utilization.

This option field allows you to specify the polarity
required for the design. You can choose from four
options.

OPTIONS DEFINITIONS
As specified in design Leave as specified in the
file design.
Best for device Use both active high and

active low, compare results,
choose the one that results
in fewest product terms after

minimization.
Low, active low Convert to active low
polarity.
High, active high Convert to active high polarity.
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Use ‘IF-THEN-ELSE’, 'CASE’...

Use fast minimization?

This option field allows you to specify how the software
treats default values for the IF-THEN-ELSE and CASE
statements. You can choose from two options; Don't
care is the default.

OPTIONS DEFINITIONS

Don’t care Unspaecified default condi-
tions are assumed to be
don't care.

Off Unspecified default condi-
tions are assumed to be
false.

The don’t-care option requires you specify both the on
and off sets. The off option requires you to specify only
the on sets; the software assumes all other conditions
to be off.

You may lose signals from the design If you select the
Don’t care-option and do not specify all of the default
conditions. If the software treats these signals as don't
care, they will be eliminated from the design during
logic reduction.

Important: When translating designs created with
PLPL, you must select the Off option because PLPL
treats unspecified default conditions as false.

This option allows the user to run an abbreviated
version of the new Minimizer first introduced with
PALASM 4 version 1.4. If it is OFF, a more exhaustive
minimization is performed. Turn it ON only if an Out of
memory error is generated or Minimizer compilation
times are unusually long, change the fast Minimizer
may produce equations with more product terms than
the standard Minimizer did.
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9.2.1.7 Go To
System

Begin new design

Merge design files
Change directory
Delete specified files
Setup ..

Retrieve existing design

9.2.1.8 Quit

Begin new design
Retrieve existing design
Merge design files
Change directory
Delete specified files
Setup ...

Go to system

This command temporarily transfers you to the operat-
ing system. Once there, you can peruse directories
and use any other operating-system commands as
usual.

To leave the operating system, just type the word exit
and press [Enter]. You're returned to the PALASM
environment.

The Quit command transfers you to a confirmation form
before exiting the PALASM environment.

Are you sure? Y/N

* Y exits the PALASM environment and displays the
operating system.

* N returns you to the PALASM environment.

Important: Pressing [Esc] when a top-level menu is
displayed initiates the Quit command automatically.
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9.2.2 EDIT MENU

Text file

Schematic file

Control file for schematic design
Auxiliary simulation file

Other file

9.2.2.1 Text File

The Edit menu provides two kinds of commands that
operate on the specified design in the current working
directory.

« Schematic editor command
Schematic file

* Text editor commands
Text file
Control file for schematic design
Auxiliary simulation file
Other file

Important: All commands on this menu operate on the
current specified design. 13

Schematic file
Control file for schematic design
Auxiliary simulation file
Other file

This command transfers you to the text editor and loads
the PDS file you specified using the Retrieve existing
design command on the File menu. You can edit
information in this file as usual.14

« Ifthisis a new PDS file, some data may have been
entered using the PDS declaration-segment form
when the design was created.

+ If the PDS file was converted from schematic data,
information in the declaration segment is derived
from the control file; equations were produced
during either compilation or conversion.

When you leave the editor, you're returned to the
PALASM environment.

13 Refer to discussions 9.2.1.1 and 9.2.1.2 for details about creating and retrieving designs. Refer to
9.2.1.4 for details about changing the current workirg directory.

14 Refer to Section V, Appendix A, for details about the AMD-supplied text editor.
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9.2.2.2 Schematic
File

Text file

ConL;ol file for schematic design
Auxiliary simulation file
Other file

This command transfers you to the OrCAD/SDT i
editor and loads the top-level schematic from the
current specified design.

All commands and options in OrCAD/SDT |l operate as
usual.’> When you leave OrCAD, you're returned the
PALASM environment.

9.2.2.3 Control File
for Schematic Design

Important: Any device type you specify in the
schematic is ignored. The device type must be
specified in the control file for the schematic.

Text file
Schematic file

This command transfers you to the control-file form for
the schematic-based design, as discussed under
9.2.1.1. You can edit any field in the form to change
information in the declaration segment of the resulting
PDS file.

Auxiliary simulation file
Other file

Important: The device type must be specified in the
control file for the schematic. Any device type you
specify in the schematic is ignored.

Also: If you change the device type in the control-file
form, the information in the lower-right corner of the
screen is not updated until you run the next process.

When you leave the form, you're returned to the
PALASM environment.

15 Refer to the OrCAD/SDT Il Schematic Design Tools manual for details about using the schematic

editor.
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9.2.2.4 Auxiliary
Simulation File

Text file
Schematic file
Control file for schematic design

Other file

9.2.2.5 Other File

Text file

Schematic file

Control file for schematic design
simulation file

Auxili

This command transfers you to the text editor and loads
the auxiliary simulation file for the current design. If a
file named with a .SIM extension does not exist in the
current directory, a blank file becomes available so you
can enter simulation commands. 16

It's a good idea to produce and store simulation com-
mands in a separate file under certain circumstances,
for the following reasons.

*  When you combine PDS files into a single design,
the simulation segment is stripped out of the
combined PDS file.

» When you enter a design as a schematic, each time
you compile the design a new PDS file is produced
so0 any simulation commands you enter are lost.

In either case, name the simulation file after the design
and include a .SIM extension.

When you leave the editor, you're returned to the
PALASM environment.

Use this command to identify a specific file to view or
edit. When you select this command, a form appears
with a text field so you can specify the name of the file.

The intelligent text field in this form allows you to
proceed using one of two methods.

16 Refer to Section V, Appendix A, for details about the AMD-supplied text editor.
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A. Type the complete file name.

When you confirm the name, the file is loaded into
the appropriate editor and made available on
screen.

or

B. Display a list of files using one of the techniques
below.

* Press [Enter] to display a list of all files in the
current directory.

* Type part of a name, such as design.*, to
display a list of specific files, such as all files
relating to the named design.

» Type a different drive or directory path to
display a list of files elsewhere.

In any case, once you select a name from the
resulting list, you're transferred to the appropriate
editor and the file is automatically loaded. When
you leave the editor, you're returned to the

PALASM environment.
9.2.3 RUN MENU This menu provides a list of operations you can perform
on the current design.
RBUN
— * Primary commands
Compilation Compilation
g“'t‘l:“am“ Simulation
O

Both

Other operations ...
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« Secondary command
Other operations ...

The Other operations command displays a
submenu of commands that perform secondary
tasks, as discussed under 9.2.3 4.

Important: All commands on this menu operate on the
current specified design.!?

Discussions below explain each command on the Run
menu.

9.2.3.1 Compile This command initiates the compilation process.
Depending on the working environment options you
specified, forms that define compilation and MACH-
fitting options may appear automatically.18

Simulation In any case, a window opens when the process begins

Both and messages scroll by to keep you informed.
Other operations ...

Schematic designs

A. Certain OrCAD utilities are run to check schematics
for electrical design-rule violations and the verified
schematic is converted into a PDS file.

All designs

B. A syntax check is performed on the PDS file.

C. Equations are expanded, then minimized.

D. Assembly procedures are completed for PLD

designs; the fitting process is performed for MACH-
device designs.

17 Refer to discussions 9.2.1.1 and 9.2.1.2 for details about creating and retrieving designs. Refer to

9.2.1.4 for details about changing the current working directory.

18 Refer to discussion 9.2.1.6, Set Up, for details about compilation options.
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The device pin out and JEDEC files are produced if
all processes are successful. Other files are also
produced.

9.2.3.2 Simulation This command verifies design logic using commands
placed in either the simulation segment of a PDS file or
in an auxiliary simulation file. However, no timing
verification is done.

Compilation

Depending on the working environment options you've
Both set, a form may appear asking if you're using an
Other operations ... auxiliary simulation file.

» Yindicates you are using a separate simulation file.

* N, the default, indicates simulation commands
reside in the PDS file.

When the process begins, a window opens and
messages scroll by to keep you informed. Two types of
files are produced during simulation that can help you
debug your design.

» Simulation data
» History Waveform display

If the design has not been compiled before selecting
this command, it is first compiled, then simulated.

9-54 PALASM 4 USER’'S MANUAL, SECTION IV, SOFTWARE REFERENCE February 1991



9.2.3.3 Both

Compilation

Other operations ...

9.2.3.4 Other
Operations

Compilation

Simulation
Both

Convert Schematic to
Text

This command saves time when you want to compile
and simulate the design at once. Depending on your
design and set up options, several forms may appear
automatically: compilation, MACH fitting, and simula-
tion options.

When the process begins, a window opens and
messages keep you informed, as usual.

* Al compilation functions are performed and output
files are produced unless errors occur.

« Simulation is performed and the simulation-results
files are produced.

This command displays a submenu that lists secondary
commands you can use to either debug a design or
recover a lost design.

Convert schematic to text
Back annotate signals ...
Disassemble from ...
Recalculate jedec checksum
Translate from plpl
Execute

Discussions below define each command on the
submenu.

Schematic conversion ordinarily occurs each time you
compile the design. However, this command converts
data from the current specified schematic into a PDS
file without compiling the design.

When the conversion starts, a window opens and
messages scroll by. A single PDS file is produced;
however, a syntax check is not performed.
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Back Annotate Signals This command pertains only to MACH-device designs.
You use this command to display a list of options that
indicate the source for signal-placement data. The data
from the specified source replaces existing signal
locations in the PDS file and pin out report. 19

OPTIONS DEFINITIONS
Change all to floating Ignore locations in the PDS file
and float all pins and nodes.
Use last successful Replace the locations in the
placement pin/node statements in the
PDS file with those from
the PLC file.
Take from saved Replace the locations in the
placement pin/node statements in the
PDS file with those from
the BLC file.

« The PLC file is created during the last successful
placement; this file is overwritten during each
successful fitting process.

« The BLC file is created when you press [F3] after a
successful placement and contains information
from the PLC file.

When you select a command from the submenu, the
process is initiated. Upon completion, a window opens
and provides status information.

Note: If the software detects an error in mapping the
signal placement data into the .PDS file, the results of
the back annotation will be stored in a separate file with
the name design.PBK. For example, defining unused
signals in the PDS file or using an illegal number will
create this condition.

Disassemble From This command displays a submenu with the two
choices discussed below.

19 Refer to discussion 9.2.1 .6, Set Up, Compilation options, for details about signal back annotation
on the MACH fitting options form.
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Intermediate

Input file name:

Output file name:

Device name:

The Jedec command converts JEDEC fuse data into
Boolean equations, which is useful to reconstruct a
design for which other files are missing. When you
select this command, the form below appears with two
text fields and an option field.

Input file name: UDCNTRJED
Output file name: UDCNTR.PL2
Device name: MACH110

This field provides the name of the JEDEC file, which
corresponds to the currently specified design name
followed by a .JED extension. A name in this field does
not indicate the corresponding file exists. You can enter
a new name to use a different file as input. You can
enter *.JED to display a list of all JEDEC files in the
current working directory.

This field names the Boolean equation file created
during disassembly. Again, the name matches the
design followed by a .PL2 extension. You can enter a
new name to store the results in a different file.

This option field allows you to select the device type
corresponding to the original design. JEDEC
disassembly is not supported for all devices. You can
only disassemble designs created for the devices on the
option list, displayed by pressing [F2] in this field.

Once you confirm specifications in the disassembly
form, the process is initiated.

Note: When JEDEC fuse data is converted to Boolean
equations, the pin names, comments, and simulation
vectors in the original PDS file are removed.

Also: Entry formats, such as state machine, waveform,
and truth tables, are converted to Boolean equations.
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Recalculate JEDEC
Checksum

Input file name:

Output file name:

Device name

When finished, a Boolean equation output file is stored
in the current directory under the name you specified.

The Intermediate command disassembles the
intermediate file, PALASM2.TRE, so you can view the
results of the minimization and expansion processes in
a sum-of-products format.

This command recalculates the checksum in the
JEDEC test-data file. When you select this command,
the form below appears.

Input file name: UDCNTR.JED
Output file name: UDCNTR.JDM
Device name: MACH110

This field contains the name of the JEDEC checksum
file in the current directory, which corresponds to the
current specified design name with a .JED extension. A
name in this field does not indicate the corresponding
file exists. You can enter a new name to use a different
file as input.

This field contains the default name of the output file
that will be created. Again, the name matches the
design followed by a .PDS extension. You can enter a
new name to store the results in a different file.

This option field allows you to select the device type
corresponding to the original design. Checksum
recalculation is not supported for all devices. You can
only recalculate the checksum for the devices on the
option list, displayed by pressing [F2] in this field.

Once you confirm specifications in the recalculation
form, the process is initiated. When finished, a JOM file
is stored in the current directory under the name you
specified.
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Translate from PLPL This command converts a PLPL design file into a PDS
file. When you select this command, a form appears
S0 you can enter the input and output file names.

Input file name: *pld
Output file name: PALASM.PDS

Input file name: This text field provides the name of the PLPL file, which
corresponds to the current specified design name
followed by a .PLD extension. A name in this field does
not indicate the corresponding file exists. You can enter
a new name to use a different file as input.

Output file name: This text field names the file that will be produced.
Again, the name matches the design followed by a .PDS
extension. You can enter a new name to store the
results in a different file.

Once you confirm specifications in the translation form,
the process is initiated. When finished, a new PDS file
is stored in the current directory under the name you
specified.

Execute This command sets OrCAD/SDT Ill configuration
options, such as the printer or plotter drivers, library
prefix, etc. When you select this command, a form
appears requesting a parameter.

| draft.exe /c[parameter] I

» Press [Enter] to display a blank parameter form.

[Parameter]
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9.2.4 VIEW MENU

Execution log file
Design file

Reports ...

Jedec data ...

Simulation data ...
Waveform display ...
Current disassembled file
Pinout

Netlist report

Other file

* Press [Enter] a second time to invoke OrCAD's
configuration program.

+ Change options as usual, then update the informa-
tion and quit.

When you quit, you're returned to the PALASM
environment.20

The View menu provides commands to display all files
related to the currently specified design. However, you
cannot edit files in view mode.

* You can press [Esc] to dismiss the file and return to
the View menu.

* You can use the Go to system command on the
File menu to suspend to the operating system, then
use the print command to print a file. Type exit and
press [Enter] to return to the PALASM environment.

Brief definitions of available commands and other
information about each file are provided below.

20 Refer to the OrCAD/SDT Il Schematic Design Tools manual for details about specifying options

using DRAFT/C.
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9.2.4.1 Execution This command displays the log file that contains all
Log File messages generated by the last software process run
on the current design.

The log file is rewritten each time you initiate a new
process. All error, warning, and status messages
Design file appear as they are recorded.

Reports ...

Jedec data ...

Simulation data ...
Waveform display ...
Current disassembled file
Pinout

Netlist report

Other file

9.2.4.2 Design File This command displays the current design file in the
appropriate editor, either the text editor or the

schematic editor. You can edit the file and print it using
- the associated editor commands.

Execution log file

If you retrieved a schematic design and want to view
Reports . the PDS version created during compilation, you must
Jedec data ... use the Other file command on the View menu.
Simulation data ...
Waveform display ...
Current disassembled file
Pinout
Netlist report
Other file
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9.2.4.3 Reports

Execution log file
Design file

Jedec data ...

Simulation data ...
Waveform display ...
Current disassembled file
Pinout

Netlist report

Other file

Fuse Map

Mach Report

This command provides a submenu that lists the names
of the files produced either during the PLD assembly or
MACH fitting-process.

Mach report

This file provides both programmed and unprogrammed
fuse data generated during the assembly process for
non-MACH device designs.

« The symbol for a programmed fuse is —.
* The symbol for an unprogrammed fuse is X.

This file contains placement, block, and device pin-out
information for MACH-device designs. The content of
this file is controlled by the output-report specification
on the MACH Fitting Options form, as shown below and
discussed under 9.2.1.6.

Report level Detailed
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9.2.4.4 JEDEC Data This command displays a submenu that lists
commands to view JEDEC fuse and vector data.

Execution log file

Design file Vectors + fuse data
Reports
Simulation data .
Waveform display ...
Current disassembled file
Pinout
Netlist report
Other file
Fuse Data Only The fuse data file is created during the assembly or
fitting process. The information in this file isin a
machine-readable format that you can download to
program a device.
Vectors + Fuse Data Vectors are added to the fuse file after a successful

compilation and simulation. Information in this file
includes the following.

» Fuse data from the JEDEC fuse data file
» Test vectors added during simulation that can be
used to verify a device on a programmer
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9.2.4.5 Simulation
Data

Execution log file
Design file
Reports ...
Jedec data

Waveform display ...
Current disassembled file
Pinout

Netlist report

Other file

History

This command displays a submenu of commands to
view the simulation history and trace files in a text
format.

The following information is presented in each file.

Each instance of g represents the SETF command
in the simulation file.

Each instance of ¢ represents a complete clock
cycle, which is defined by the CLOCKF command
in the simulation file.

The history file contains the behavior of all signals
defined in the pin statements. Information in this file is
divided into two columns. You can track values using
the cursor, which is displayed as a thick vertical bar.

The left column lists pin names for each pin listed in
the declaration segment of the PDS file.

The right column records the simulation results in
text-format waveform.

H = high
L = low
X = undefined

Z = output disabled
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Trace

9.2.4.6 Waveform
Display

Execution log file
Design file
Reports ...

Jedec data ...
Simulation data .

Current disassembled file
Pinout
Netlist report

Other file

The trace file contains the behavior of only those
signals specified using the Trace command in the
simulation segment or file. Again, you can track values
using the cursor, which is displayed as a thick vertical
bar.

Information is displayed in the same text format as the
history file.

* The left column provides the pin names you
specified using the Trace command.

« The right column records high and low signals as a
text-format waveform.

H = high
L = low
X = undefined

Z = output disabled
This command displays a submenu that lists the
simulation waveform files.
The following information is presented in each file.

» Eachinstance of g represents the SETF command
in the simulation file.

» Each instance of ¢ represents a complete clock
cycle, which is defined by the CLOCKF command
in the simulation file.
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History

Trace

9.2.4.7 Current
Disassembled File

BREL RIS

Execution log file
Design file
Reports ...

Jedec data ...
Simulation data ...

Pinout
Netlist report

Other file

Waveform display .

This file displays the simulation history of all signals
defined in the pin statements in a graphic format.
Again, you can track values using the cursor, which is
displayed as a thick vertical bar.

» The left column provides pin names for each pin
listed in the declaration segment in a PDS file.

« The right column records high and low signals
graphically.

This file displays only the simulation trace data in a
graphic format. Again, you can track values using the
cursor, which is displayed as a thick vertical bar.

« The left column provides names of the pins you
specified using the Trace command in the
simulation segment or file.

*  The right column displays the simulation results
graphically.

This command lists the current disassembled file, if
any, which contains the results of disassembling either
the intermediate .TRE file or the JEDEC file. After
selecting the name from the list, the file appears on the
screen.

ORCADDMA.PL2
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9.2.4.8 Pinout

Execution log file
Design file

Reports ...

Jedec data ...

Simulation data ...
Waveform display ...
Current disassembled file

Netlist report

Other file

9.2.4.9 Netlist
Report

Execution log file
Design file

Reports ...

Jedec data ...

Simulation data ...
Waveform display ...
Current disassembled file
Pinout

Other file

This file provides the device pin-out information in
graphic form. For MACH-device designs only, this file
also includes pin and node assignments for the
specified device following a successful compilation.

Note: For MACH-device designs, if you specified all
pins as floating, you must first back annotate the PDS
file with the signal placement that's created during the
fitting process, as discussed in 9.2.3.4. Otherwise, the
pinout report shows all pins as NC, no connect.

The netlist report is an intermediate file created when
schematic data is converted to PDS format. This text
file identifies the following.

+ Signal names as they appear in the schematic

» Reference designators after annotation by OrCAD
utilities

*  AMD-supplied macro type

« Sheet information and X and Y locations on the
sheet

Note: This report is not created if you type the letter N
beside the Generate netlist report field on the working-
environment form.

Generate netlist report N
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9.2.4.10 Other File This command allows you to view files not available
through explicit commands on the View menu, including
those in other directories. When you select this

- command, the form below appears.
Execution log file
Design file
Reports ... * %
Jedec data ... :
Simulation data ...
Waveform display ...
gi':gz?t disassembled file The intelligent text field in this form allows you to
Netlist report display a file using one of three methods 2!
» Press [Enter] to display a list of all files in the
current directory.

- Type part of a name, such as design.*, to display a
list of specific files, such as all files relating to the
named design.

« Type a different drive or directory path to display a
list of files elsewhere.

In any case, when you select a name from the list the
file is displayed.

9.2.5 DOWNLOAD The Download menu provides access to the commu-

MENU nication program specified in the working-environment
} form discussed under 9.2.1.6.
You select this command to download a JEDEC file to a
device programmer via the communications software.
Go The Go command initiates loading the JEDEC file to a
device programmer using one of the following
packages.

21 If the specified file is a schematic, the file is loaded and displayed in the OrCAD/SDT il editor. In
this case, you can edit or print the schematic, as usual.
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* The AMD-supplied PC2 programmer communi-
cations software.

RS-232 communication pro....  CA\MACH\EXE\PC2.EXE

* The programmer communications software that’s
specified in the field of the working-environment
form shown below.

RS-232 communication program: C:...

When you select this command, the communications
software screen appears. When you leave the
communications environment, you're returned to the
PALASM environment.

9.2.6 DOCUMEN- The Documentation menu provides access to online
TATION MENU help. Three topics are available.
Index of topics

Language reference
Help on errors

Important: You select items from a menu using arrow
keys to highlight the item and the [Enter] key to select it.
In addition, you can use a mouse, in which case, you
highlight the desired item and double click the left
mouse button. However, you cannot select a menu
item by typing the first letter.

9.2.6.1 Index of When you select this command, the on-line help index
Topics screen appears. Available topics are listed in a sub-
menu.

Topics include release notes, system configuration,
troubleshooting techniques, etc.
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When you select a topic from the submenu, such as
release notes, the information appears and you can use
PgUp or PgDn to scroll through the file.

* You press [Esc] or select Resume to return to the
Online Help Index.

« You select Navigate to obtain error recovery or
language reference information.

»  You press [Esc] or select Quit and respond Yes to
the prompt to return to the PALASM menu.

9.2.6.2 Language When you select this command, available language-
Reference construct topics are listed in a sub-menu.22

Important: You select items from a menu using arrow
keys to highlight the item and the [Enter] key to select it.
In addition, you can use a mouse, in which case, you
highlight the desired item and double click the left
mouse button. However, you cannot select a menu
item by typing.

When you select a construct, a brief overview appears,
including the correct syntax and supported devices.
Additional topics are listed across the top of the screen;
status and prompt messages appear at the bottom of
the screen. To select a topic, just move the cursor to
the right or left and press [Enter].

The following discussions describe each topic that's
displayed.

22 These topics are also described in Section IV, Chapter 10.
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Overview A brief overview of the construct includes a sample
syntax and list of supported devices.

Syntax A repeat of the syntax and a simple example of its use
in a PDS file are shown.

Definitions Descriptors following the keyword are usually defined in
their order of appearance in the statement. Definitions
include exact syntax requirements and details about the
results of using the construct when applicable.

Note: If more than one screen is required to display the
information, use the PgUp and PgDn buttons provided
in the upper-right corner. You select a button by
pressing [Enter].

Use This topic provides details about using the construct.

Related Topics This command displays a menu of related topics you
can refer to for additional information. Press [Enter] to
go to a related construct. If none are listed a message
informs you.

Previous Menu This command returns you to the language constructs
menu. To return to the documentation menu, either

+ Press[Esc] once and respond Yes to quit online
help, or

»  Select Quit and respond Yes.

9.2.6.3 Help On This command searches the execution log file that's

Errors generated during compilation for error and warning
messages. The log file appears and the first message
is displayed.

« Select Next message for the next error explanation
and recovery.
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The total number of messages and the currently
displayed message number appear in the lower-
right corner. When the number of messages is
greater than one, two additional commands appear:
Next message, Previous message.

»  Select Prev message to display the previous error
explanation and recovery.

« Select the Browse file command and use the PgUp
and PgDn buttons to scroll through the file.

»  Select Enlarge recovery to view a detailed
explanation and suggested recovery.

= Select Other to view additional error files or
navigate to the Index of Topics or the Language
Reference.

» To return to the Documentation menu, select either
the Quit command or press [Esc], then respond Yes
to confirm.

9.2.7 [F1] FOR HELP Pressing [F1] transfers you to the online help and
provides information about the use or function of the
currently selected menu, command, option, text, or
status field.

If more than one page is required to display all of the
information, PgDn and PgUp buttons are provided in
the lower right and upper-left corners.

« Use the up or down arrow keys to activate a button
and press [Enter] to select or use the [Page Up]
[Page Down] keys.

. Press [Esc] to return to PALASM.
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10 LANGUAGE REFERENCE

This chapter describes language elements available
through the PALASM 4 software for all PLD- and
MACH-device designs.! Language elements are
organized alphabetically by name and include the
following information.

» Name identifies a specific element and explains its
purpose.

» Syntax identifies the segment of the PDS file
where the element is used and shows required and
optional syntax and variables; an example of use in
a PDS file is included.

- Definitions describe each parameter and identifies
specific syntax requirements.

» Use provides additional details.

Important: In the syntax boxes of this chapter,
required information appears in all capital letters; vari-
ables and optional information have initial caps.

All information is also available at the workstation through Online Help.
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OVERVIEW

The PALASM 4 software supports three kinds of design
specifications.

* Boolean equations
» State-machine descriptions
» Schematics

Only text-based designs use the language elements
described in this chapter.

Important: A design entered as a schematic has its
logic converted to Boolean equations during the
compilation process. In addition, you can manually
convert a schematic-based design to Boolean
equations.

In any case, you can edit the resulting PALASM de-
scription specification (PDS) file to modify the design.
At that point, all file and language elements relating to
Boolean-equation specifications apply.

Text-based designs are described in PDS files, which
are divided into several segments.

DECLARATION SEGMENT

EQUATIONS SEGMENT

STATE SEGMENT

SIMULATION
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All PDS files include a declaration segment and usually
a simulation segment.2 These segments contain
identical information regardless of the kind of descrip-
tion you produce. Depending upon the type of design
description you choose, the PDS file will contain an
equations segment and/or a state segment . Files that
contain both an equations segment and a state
segment are referred to as mixed-mode designs.3

The software is not case sensitive. You can enter any
information using upper- or lowercase letters or a
combination. For example, PALASM 4 treats the
following as the same.

- ABC
- abc
« Abc

This chapter does not describe how to create a

PDS file4 using the text editor, nor how to use the
declaration-segment form,S available when you create
a new text-based design.

Refer to Section Il, Chapter 6, for details about when to include the simulation commands in a
separate file rather than in the PDS file.

3 Refer to Section Il, Chapter 4, for details about producing mixed-mode designs.

4 Refer to Section |, Chapter 2, for a step-by-step guide to producing a PDS file for both Boolean
and state-machine designs.

5 When you begin a new text-based design, a declaration-segment form appears, which you can
complete to specify header information, PIN/NODE statements, chip name, and PLD or MACH-
device type. Refer to Chapter 9, in this section, for details.
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BOOLEAN-EQUATION The next figure identifies all elements available for use
ELEMENTS in each segment of a PDS file for a Boolean-equation
design specification.
DECLARATION
AUTHOR NODE
CHIP PATTERN
COMBINATORIAL PIN
COMMENT REGISTERED
COMPANY REVISION
DATE SIGNATURE
DECLARATION STRING
GROUP TITLE
LATCHED VECTOR
EQUATIONS
BOOLEAN EQUATION OPERATOR
EXPRESSION PRLD
CASE R EQUATION
.CLKF RSTF
.CMBF .S EQUATION
COMMENT SETF
EQUATIONS .T EQUATION
FUNCTIONAL EQUATION .T1 EQUATION
GND T2 EQUATION
IF-THEN-ELSE TRST
JEQUATION vce
K EQUATION VECTOR
SIMULATION
EXPRESSION PRLDF
CHECK SETF
CLOCKF SIMULATION
COMMENT TRACE_OFF
FOR-TO-DO TRACE_ON
IF-THEN-ELSE VECTOR
PRELOAD WHILE-DO
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STATE-MACHINE

CONSTRUCTS

The following figure identifies all elements available for
each segment of a PDS file for a state-machine design

specification.

DECLARATION
AUTHOR NODE
CHIP PATTERN
COMBINATORIAL PIN
COMMENT REGISTERED
COMPANY REVISION
DATE SIGNATURE
DECLARATION STRING
GROUP TITLE
LATCHED VECTOR

STATE
EXPRESSION OUTF
CLKF .OUTPUT_ENABLE
COMMENT OUTPUT_HOLD
CONDITIONS START_UP
DEFAULT_BRANCH STATE
DEFAULT_OUTPUT STATE ASSIGNMENT
LOCAL DEFAULT STATE EQUATIONS
MASTER_RESET STATE TRANSITION
MEALY_MACHINE VECTOR
MOORE_MACHINE

SIMULATION
EXPRESSION PRLDF
CHECK SETF
CLOCKF SIMULATION
COMMENT TRACE_OFF
FOR-TO-DO TRACE_ON
IF-THEN-ELSE VECTOR
PRELOAD WHILE-DO
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SPECIFYING
OUTPUTS IN IF-
THEN-ELSE AND
CASE STATEMENTS

Four Ways of
Specifying Outputs

The following rules apply to each pin or node for
outputs defined in the IF-THEN-ELSE or CASE
statement.

Specify the desired output for each test condition of the
IF-THEN-ELSE or CASE statement you want
generated.

Note: If you do not request a specific output, the
software assumes either you do not care about the
output for this condition, or the output for this condition
is actually defined through some other equations.

If you define the behavior of an output in an IF-THEN-
ELSE or CASE statement, and then define it further
using a Boolean equation or a separate IF-THEN-ELSE
or CASE statement, you must obey certain rules.
Specifically, you must avoid situations when both of the
following occur.

» More than one of the resulting equations can be
simultaneously evaluated as true.

* The output behavior defined in one equation
contradicts behavior defined in the other.

If you violate these rules, the software reports the
following error message: Overlapping on/off covers
(check equations for completeness).6

You can specify the behavior of each pin or node as
follows.

1. Define the output as a function of the same inputs
for each possible test condition.

2. Define the output as a function of different inputs
for different test conditions.

6 Techniques for avoiding this error are discussed under the heading Avoiding Overlap Errors.
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3. Define the output for some of the possible test
conditions and not for others.

4. Define the output two different ways for the same
test condition.

The following examples are given for the IF-THEN-
ELSE statement, but they apply to the CASE statement
also. The IF-THEN-ELSE statement is a special
instance of the CASE statement in which IF and ELSE
portions replace the individual test conditions of the
CASE statement.”

Example 1 Defining the output as a function of the same inputs for
each possible test condition.
IF X = 0 THEN
BEGIN
Q=A*B8
END
ELSE
BEGIN
Q = 0 ;equivalent to Q = GND or /Q =1 or /Q = VCC
END

The software interprets this statement as follows.

*  When X = 0, output Q is high when the expression
A * B evaluates as true, and low when the
expression A * B evaluates as false.

*+  When X = 1, output Q is always low.

The statement is reduced to the following Boolean form.

Q=A*B*/X

7 Refer to TUTOR6.PDS and TUTOR7.PDS in the PALASM\EXAMPLES directory for additional
examples of IF-THEN-ELSE and CASE statements.
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This statement is then combined with any other
equations for Q by the minimizer.

Example 2 Defining the output as a function of different inputs for
different test conditions.
IF X = 0 THEN
BEGIN
Q=A*8
END
ELSE
BEGIN
Q=C*0D
END
The software interprets this statement as follows.
«  When X = 0, output Q is high when the expression
A * B evaluates as true, and low when the
expression A * B evaluates as false.
»  When X = 1, output Q is high when the expression
C * D evaluates as true, and low when the
expression C * D evaluates as false.
The statement is reduced to the following Boolean form.
Q=C*D*X+A*B*X
This statement is then combined with any other
equations for Q by the minimizer.
Example 3 Defining the output for some of the possible test
conditions and not for others.
IF X = 0 THEN
BEGIN
Q=A*8B
END ; No ELSE condition or no output
; equation
; in some of the CASE conditions
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The software interprets this statement as follows.

* When X =0, output Q is high when the expression
A* B evaluates as true, and low when the
expression A * B evaluates as false.

*  When X =1, output Q is undefined. In the
Karnaugh map, don't-care values are used for all
map locations where X = 1, unless a location is
defined by other equations for Q.

This statement is reduced to the following Boolean
form.

Q=A *B */X + "don'tcare" * X

This is then combined with any other equations for Q by
the minimizer. In the event that there is no other
equation for Q, this equation reducesto Q=A"* B, in
which case output Q is no longer a function of input X.
This occurs because of the don't-care values
introduced by omitting the definition of output Q when X
= 1. If you want output Q to remain a function of X,
rewrite the IF-THEN-ELSE statement, adding the ELSE
clause shown below.

IF X = 0 THEN
BEGIN

END
ELSE
BEGIN

END

A*B

February 1991
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Example 4 Defining the output two ditferent ways for the same test

condition.

ELSE

IF X = 0 THEN

BEGIN
A*B
/A

o
1

/Q
END

BEGIN
Q = 0 ;equivalent to Q = GND or /Q =1 or /Q = VCC

END

Here, the designer has defined explicitly when the
output should be high or low, when X = 0. The software
interprets this statement as follows.

*  When X = 0, output Q is high when the expression
A* B evaluates as true, and low when the
expression input A is low.

* When X = 1, output Q is always low.
This statement is reduced to the following Boolean
form.

Q=A*KX
This statement is then combined with any other
equations for Q by the minimizer. Note that output Q is
no longer a function of input B. This occurs because

the software assumes don't-care values for all
conditions that are not covered by the equations

Q= A*Band /Q=/A, where X = 0.

Avoiding Overlap The following example shows how two separate IF-
Errors THEN-ELSE statements can interact to produce an

Overlapping on/off covers (check equations for
completeness) error. This error is typically caused by
unrealizability, as illustrated in the following example.

10-10
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IF A = 1 THEN
BEGIN
Q=C*pD
END
IF B THEN
BEGIN
Q=1
END
A problem occurs when both A and B are high and C or
D or both C and D are low. In this situation, the first IF
statement tells output Q to go low, while the second IF
statement tells the same output to go high. Since Q
cannot be high and low simultaneously, the equation
set is unrealizable.
There are several ways to avoid problems of this
nature, as described next.
Method 1 Make it impossible to have more than one
IF-THEN-ELSE or CASE statement evaluate as
true simultaneously.
IF A =1 THEN
BEGIN
Q=C*D
END

IF /A * B THEN
BEGIN

END

;Condition /A prevents both IF
;statements from evaluating as
;true simultaneously.
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Method 2 Make it impossible for the output specifications to
conflict by always using the same output equation.

IF A =1 THEN
BEGIN
Q=1 ;This output equation...
END
IF B =1 THEN
BEGIN
Q=1 ;...is identical to this.
END
SYNTAX AND In this chapter, all language elements are presented in
EXAMPLES two forms, as shown below.
Syntax
Output_pn Assignment Operator Expression
Example
EQUATIONS
/02 = I1 * 12 * I3

+ 14 * I5

» The syntax area shows the syntactical name of
each element needed to complete the statement,
and shows the proper order.

« The example provides a sample as it is used in a
PDS file.

Important: Spacing is exaggerated in the samples
shown in this chapter for readability. For example, tabs
separate each element in the example to align it with
the corresponding identifier above. In most cases,
however, blanks can be used as separators in the

PDS file.
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You may not use curly braces, { }, inside |IF-THEN-
ELSE or CASE statements. Instead of the curly-braced
shorthand, the right side of the referred-to logic
equation must be copied in full as the right side of the
equivalent logic equation (as in output pairing). Also,
even though it is legal to do so, it is not recommended
that you use curly braces outside IF-THEN-ELSE and
CASE constructs to refer to an equation that is not
defined inside of such constructs. The result may not
what you expect or desire.
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ASSIGNMENT The assignment operator is a symbol that defines a

OPERATOR specific operation interpreted by the software when
processing design files. There are several assignment

operators, which perform different functions depending
on the software operation and where the operator
appears.

[Devices Supported: All PLD devices. |

SYNTAX ‘ You can use the assignment operator in equations, as
shown below, and in state and conditions segments of
a PDS file for either Boolean or state-machine

descriptions.
Syntax
Pn Assignment Operator Expression
Example
Qo0 = EXT1
a1 = EXT2
Q2 *= EXT3
Definitions The various assignment operators are defined below.
Assignment Operator The := and *= operators are provided to support older
PLD designs that include a pin list not containing a
storage type.
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ASSIGNMENT OPERATOR

= This universal assignment operator agrees
with any data-storage type: Combinatorial,
registered, or latched.

You can use this assignment operator in
expressions whether or not the PIN or NODE
statements contain a storage type. This
operator is best suited to new designs.

= This assignment operator defines a registered
output. The signals in the expression must

be defined in either the PIN or NODE statement
as registered. Otherwise, an error occurs and
processing stops.

= This assignment operator defines a latched
output. The signals in the expression must be
defined in either the pin or node statement as
latched or an error is reported during processing. |

USE In the equations segment, the assignment operator
performs two functions.

» It defines the output on the left side of the equation
as a function of the various inputs and feedback
signals listed on the right side.

« It defines the output storage type.

You can assign the storage type in a PIN or NODE
statement. In this case, you can use the universal
assignment operator, =, in equations or expressions. If
you use the := or *= operators, they must agree with the
storage type defined in the PIN or NODE statement or
an error occurs.
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ASSIGNMENT OPERATOR

You can use assignment operators in the STATE and
CONDITIONS statements in the state-machine designs,
as shown below.

STATE

MOORE_MACHINE

ZERO.OUTF = /CNT2 * /CNT1 * /CNTO
CONDITIONS

CNTUP = ENABLE * CNT_UP

10-16 PALASM 4 USER'S MANUAL, SECTION IV, SOFTWARE REFERENCE February 1991



February 1991 CHAPTER 10, LANGUAGE REFERENCE 10-17



AUTHOR This keyword defines the name of the design’s author.
This statement is useful for documenting the design.

| Devices Supported: All PLD devices. |
SYNTAX You can use the AUTHOR statement only in the
declaration segment, as shown below.8
Syntax
AUTHOR Designer
Example
TITLE
PATTERN
REVISION
AUTHOR Karen Olsen
COMPANY
DATE
Definitions Only the descriptor following the keyword, Author, is
discussed.
Designer Designer defines the name of the individual who
created the design. Observe the guidelines below.

* Include the AUTHOR statement and the designer
name in either Boolean or state-machine files orin
the schematic-control file form.

* Place the statement and name in the order
specified in the example above, following
REVISION and preceding COMPANY.

» Use any combination of up to 59 alphanumeric
characters and the period character.

8 Refer to Chapter 9, in this section, for details about the declaration-segment form for new text-

based designs and the schematic-control form for new schematic-based designs.
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AUTHOR

Reserved words are allowed within this statement;
however, do not use any punctuation or symbols
other than the period.

The following error conditions pertain to the AUTHOR
USE
statement.

»  Without the AUTHOR statement, the software
issues a warning and continues processing the file.

*  With multiple AUTHOR statements, the software
issues an error and stops processing the file.
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BOOLEAN These equations are used to define the desired logic
EQUATION functions produced at the outputs. Boolean equations
form the backbone of any PDS file containing a

Boolean description.®

| Devices Supported: All PLD devices.

SYNTAX You use Boolean equations in the equations segment
of a PDS file, following the keyword EQUATIONS.

Syntax
Output_pn  Assignment Operator Expression
Example
/02 = I1 * 12 * I3
+ 14 * I5

Definitions All parameters are described below. Additional details
are provided under Use.

Output_pn Output_pn is the name of an output pin or node defined
in the declaration segment of the PDS file. Once
defined, you can include the name in a Boolean
equation to define how this output is to be used.10

Assignment Operator The assignment operator is a symbol that defines a

specific operation as interpreted by the software when

processing design files.11

9 Refer to BOOLEAN EQUATION and EXPRESSION, in this chapter, for additional details.

10 Refer to NODE and PIN, in this chapter, for details about including a forward slash, /, to define

polarity.
11 Refer to ASSIGNMENT OPERATOR, in this chapter, for more information.
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BOOLEAN EQUATION

Expression Expression is a group of signals or product terms, on
the right side of an equation, separated by logical
operators.12 The product operator, *, denotes a logical
AND function and the sum operator, +, denotes a
logical OR function. You can use strings and vectors in
an expression.

All values in an expression for a PLD design are signal
names that must be defined before their use. The name
must be defined in PIN and NODE statements in the
declaration segment of the PDS file.

USE The following conventions should be observed.

» Place a Boolean equation in any order, unless it's a
substitution, in which case you must define the
substitute expression before using it.

» Follow the structure shown in the syntax example;
however, you can include strings and vector
notation.

a. Include either blanks or a tab character before
and after the assignment operator.

b. Use an equal sign as the assignment operator.

The software determines storage type, either
registered, combinatorial, or latched, from the
PIN and NODE statements in the declaration
segment.

12 Refer to EXPRESSION, in this chapter, for additional details.
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BOOLEAN EQUATION

» Include up to 80 characters per line in each equa-
tion and include as many lines as necessary.

You can place the expression on a separate line.

You can use the following high-level language
statements and constructs to specify logic behavior.
These are converted to Boolean equations during
software processing.

« CASE

« FOR-TO-DO

« |IF-THEN-ELSE
*  WHILE-DO

State equations are another high-level representation
of logic behavior for state-machine designs. When you
compile a state-machine design, state equations are
converted to Boolean equations.

Functional equations are a type of Boolean equation
that defines an input. Functional equations have a
similar format but a different use.13

13 Refertothe following topics, in this chapter, for additional details: COMBINATORIAL,
EXPRESSION, FUNCTIONAL EQUATIONS, LATCHED, REGISTERED, and STATE
EQUATIONS.
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CASE

This keyword provides a condition-testing structure
for Boolean equations. The CASE statement more
efficiently supports multiple values than the nested

|IF-THEN-ELSE statement.

| Devices Supported: All PLD devices.

SYNTAX You can only use the CASE statement in the equations
segment of Boolean designs.
Syntax
CASE (Condition Signals)
BEGIN
Value: BEGIN
Action statement
END
Value: BEGIN
Action statement
END
Keyword: BEGIN
Action statement
END
END
Example
CASE (A,D)
BEGIN
0: BEGIN
C=A*B
END
3: BEGIN
C=A+8
END
2: BEGIN
c=1
END
OTHERWISE: BEGIN
cC=0
END
END
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CASE

Definitions You can use groups, vector notation, and strings in a
CASE statement. Parameters following the keyword,
CASE, are defined below; additional details appear
under Use.

Condition Signals Condition signals define a set of signals, which are
tested against a list of values, to determine subsequent
actions in following statements.

The set is concatenated into a single binary value using
signal values as individual bits. Each signal value in
the set is represented by a name and has a binary
value of either 0 or 1. Each signal hame can be either
an input or an output. The following rules must be
observed.

+ Follow the keyword in a CASE statement with the
condition signals.

* Enclose signal names or vector notation in
parentheses separated by commas: for example,
(A,B,C[0..4))

Important: Signal names or vector notation must
be separated by commas.

« Define each signal name or vector notation and it's
value in a PIN or NODE statement in the
declaration segment.

Value Value defines the constant in the subsequent action
statement. This value is tested against the present
value of the condition signals to determine whether that
action is taken or skipped. The rules below apply.

» The value can be any constant; however, do not
duplicate values.
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CASE

Action Statement

OTHERWISE

The default constant is decimal. Non-decimal
constants are expressed with the following prefixes.

#b Binary
#h Hexadecimal
#0 Octal

All values are converted to binary during
compilation.

« The value must end with a colon and precede an
action statement.

The action statement defines the logic for a particular
condition-signal value. This logic is implemented when
the value preceding this statement matches the current
value of the condition signals. The following rules
apply.

« Precede each action statement with a value.
* Enclose each statement with BEGIN and END.

Action statements inside the BEGIN and END block can
be any expression that is valid within the equations
section of the design.

An action is a series of any legal PALASM statements
within the equations section.

Use this keyword to identify the beginning of an optional
statement indicating the action for default values of the
CASE statement. When you define every possible
value, you do not need this statement. However, any
unspecified conditions are assumed to be don't care;
they are not assumed to be false. Signals for which
default conditions are not specified are eliminated from
the design during the logic-reduction process.
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CASE

The OTHERWISE statement generates the condition as
identified and shown below.

* OR all conditions for values defined in action
statements before this statement.

»  Complement the entire OR term, then AND it with
the right side of the OTHERWISE statement.

CASE (A,D)
BEGIN
0: BEGIN C = A * B END
3: BEGIN C = A + B END
2: BEGIN C =1 END
OTHERWISE: BEGINC =0 END
END

At each clock cycle, or anytime the signals change, the
condition signals (A,B) are evaluated. When the value
of the signals matches the value in one of the following
action statements, the logic defined in that statement is
implemented; otherwise, C = 0.

The previous example is expanded during compilation
into the following Boolean equation.

c = (VvCeC * /A * /B)
+ /(VCC * A * B)
+ (D * /(/A* /B +A™*B))

USE You can specify how the software treats default values
for CASE statements by selecting one of two options on
the File/Set up/Logic synthesis options form, as follows.

OPTIONS DEFINITIONS

Don’t care Unspecified default conditions
are assumed to be don't care.

Oft Unspecified default conditions
are assumed to be false.
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CASE

The don't-care option requires you specify both the on
and off sets. The off option requires you to specify only
the on sets; the software assumes all other conditions
to be off.

You may lose signals from the design if you select the
don’t-care option and do not specify all the default
conditions. If the software treats these signals as don't
care, they will be eliminated from the design during
logic reduction.

important: When translating designs created with
PLPL, you must select the off option because PLPL
treats unspecified default conditions as false.

You can nest CASE statements within IF-THEN-ELSE
statements and other CASE statements.

CASE (A,D)
BEGIN
0: BEGIN C=A*B END
1: CASE (C,D)
BEGIN
0: BEGIN E=C*D END
1: BEGIN E=C+D END
OTHERWISE: E=1  END
END
OTHERWISE: C=0 END
END
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CASE

There is no limit to the number of nested statements
you can include in a design; however, too many levels
of nesting may cause you to run out of memory.14

If any equations are incompletely specified or
ambiguous, the unspecified signals are assumed to be
don't care. This increases the amount of logic
reduction possible during the minimization process.
However, if you have not fully evaluated the
consequences of these don‘t-care signals, the
equations resulting from compilation may be different
than you intended.15

14 Referto the following topics, in this chapter, for additional details: GROUP, IF-THEN-ELSE, and
VECTOR.

15 Referto Chapter 9, in this section, for details about default options for CASE and IF-THEN-ELSE
statements on the Logic Synthesis Options form.
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CHECK This keyword in a simulation command verifies signal
values at the pin are equal to expected values.

|Devlces Supported: All PLD devices. J

SYNTAX You use the CHECK command in either the simulation
segment of a PDS file or in an auxiliary simulation file
for Boolean, state-machine, or schematic-based
designs.

Syntax

CHECK Prefix_pns
Example

SIMULATION
CHECK 01 /02 ~03 %04 PLAYING

DEFINITIONS If the signal being tested is defined with the same
polarity as in the Pin/Node declaration segment, the
signal is checked to verify it is a logical 1. If the
polarity is reversed, the signal is checked to verify it
is a logical 0.

Note: The syntax examples are valid only if the signals
are defined as active-high in the Pin/Node declaration
segment.

Parameters following the keyword are defined below.
Additional details are provided under Use.

Prefix Prefix indicates the logic state of the corresponding pin,
node, or state. Do not leave a blank between Prefix
and pns. There are four prefixes: null, forward slash, /,
caret sign, *, and percent sign, %.
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CHECK

« The null prefix indicates an active-high signal is
checked to verify it is a logical 1. In the syntax
example, O1 has a null prefix.

When used in conjunction with a state name, a null
prefix indicates the specified state should be
checked. In the syntax example, PLAYING has a
null prefix.

» The forward slash, /, indicates an active-high
signal is checked to verify it is a logical 0. In the
syntax example, O2 has a forward-slash prefix.

» The caret sign checks the corresponding signal for
a high-impedance state. High impedance occurs
when a three-state buffer on an I/O pin is disabled.
In this case, the letter Z appears in the simulation
files to indicate the high-impedance state. In the
syntax example, O3 has a caret prefix.

» The percent sign checks the corresponding signal
for a don't-care state. A don't-care condition occurs
when combinatorial logic is not initialized. In this
case, the letter X appears in the simulation files to
indicate the don't-care state. In the syntax
example, O4 has a percent prefix.

Pns Pns defines the names of the pins, nodes, or states to
be verified.

» Each signal name can be up to 14 characters in
length.

» Include up to 76 characters per line and use as
many lines as you need.

The screen displays up to 76 characters per line;
however, all information is processed properly even
if it extends beyond the 76th character.
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CHECK

* Include a blank between the keyword and the first
pin, node, or state in the list.

You can include multiple pin and node names.
You can use strings or vector notation to define the
signal list.

» Separate multiple prefixed pin and node names
with a blank.

USE The CHECK command verifies values of the defined
signal at the pin. In contrast, the CHECKQ command
verifies values at the Q output of a register.

If the signal being tested is defined with the same
polarity as in the Pin/Node Declaration segment, the
signal is checked to verify it is a logical 1. If the polarity
is reversed, the signal is checked to verify it is a logical
0.

A conflict occurs when the value at the pin does not
match the expected value. Each conflict is identified
with a question mark, ?, in the simulation output files; a
warning is issued and the expected value is reported in
the execution-log file.16

The CHECK command verifies logical operations only
and does not add test vectors in the JEDEC file.17

16 Refer to Section II, Chapter 4, for additional details.

17 Referto TEST, in this chapter, for details about creating test vectors in JEDEC files.
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CHECKQ This keyword in a simulation command verifies values

at the Q outputs of registers are equal to expected
values.

[ Devices Supported: All PLD devices. |

SYNTAX You use the CHECKQ command in either the
simulation segment of a PDS file or in an auxiliary
simulation file for Boolean, state-machine, or
schematic-based designs.

Syntax

CHECKQ Prefix_rns

Example

SIMULATION
CHECKQ Q0 /Ql PLAYING

DEFINITIONS Parameters following the keyword are defined below.
Additional details are provided under Use.

Because CHECKAQ verifies signal values at the Q
output of registers, you do not need to account for
active-low pin declarations. This makes CHECKQ
especially useful for verifying states.

Prefix The prefix indicates the logic state of the corresponding
register, node, or state. Do not leave a blank between
Prefix and rns. There are two prefixes: null and
forward slash.
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CHECKQ

» The null prefix indicates the register or node should
be a logical 1. In the syntax example, Q0 has a
null prefix.

When used in conjunction with a state name, a nuli
prefix indicates the specified state should be
checked. In the syntax example, PLAYING has a
null prefix.

« The forward slash indicates the signal should be a
logical 0. In the syntax example, Q1 has a forward-
slash prefix.

Rns defines the names of the output registers, nodes,
or states to be verified. Each value represents both the
signal name or state and the expected output value.

« Each signal name can be up to 14 characters in
length.

* Include up to 76 characters per line and use as
many lines as you need.

The screen displays up to 76 characters per line;
however, all information is processed properly even
if it extends beyond the 76th character.

* Include a blank between the keyword and the first
register, node, or state in the list.

You can include multiple register and node names.
You can use strings or vector notation to define the
signal list.

» Separate multiple prefixed register and node names
with a blank.

February 1991

CHAPTER 10, LANGUAGE REFERENCE 10-35



CHECKQ

USE

The CHECKQ command verifies that signal values at
the register outputs are equal to the expected values.
In contrast, the CHECK command verifies pin and node
values at the output pin.

Because CHECKQ verifies signal values at the Q
output of registers, you do not need to account for
active-low pin declarations. This makes CHECKQ
especially useful for verifying states.

A conflict occurs when the value of the output register
does not match the value defined in the CHECKQ
command. Each conflict is identified with a question
mark in the simulation output files; a warning is issued
and the expected value is reported in the execution log
file.

The CHECKQ command verifies logical operations only
and does not create test vectors in the JEDEC file.
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CHIP

This keyword introduces the statement that defines the
chip name and the PLD or MACH device for the design
being created.

[Devices Supported: All PLD devices. |

SYNTAX You use the CHIP statement in the declaration segment
of either Boolean or state-machine designs'8
Syntax
CHIP Name Device
Example
TITLE
PATTERN
REVISION
AUTHOR
COMPANY
DATE
CHIP Counter PALCE22V10H-25
Definitions The CHIP statement must follow the DATE statement
and precede PIN and NODE statements. Parameters
that follow the keyword are defined below.
Name Name assigns a chip name that conforms to the rules
below.
» Use up to 14 alphanumeric characters in the PDS
file. The first character cannot be numeric.
Do not use operators, reserved words, carriage
returns, tabs, or blanks.
18

Refer to Chapter 9, in this section, for details about the declaration-segment form for new text-

based or control-file form for schematic-based designs.
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CHIP

Device Device assigns a valid AMD device name, such as
PAL16R8.

« The name must conform to the basic device
number. Power, speed, package, and operating
range designators are optional.1®

USE The software cannot process a design file if it does not
contain a CHIP statement. Errors can cause the
software to misinterpret the CHIP statement and, often,
the PIN and NODE statements.

19 Refertothe specific device datasheet for the correct device name.
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.CLKF This reserved word defines a clock signal for a pin or
node. The operation differs depending upon the
device you've chosen.20 For example, for devices
with programmabile clocks, you can use .CLKF to assert
the clock on a flip-fiop.

Devices Supported

PAL16RA8 PAL20RA10 PAL26V12 PALCE20M16  PALCE29MA16  PAL32VX10
PALCE610 PLS30S16 MACH 1 MACH 2
SYNTAX You use this reserved word in a functional equation in

the equations segment of Boolean and state designs or
in any registered-latched design.

Syntax

Pn.CLKF Assignment Operator Expression
Example

Q0.CLKF = EXT

Definitions All parameters are defined below.

Pn.CLKF Pn.CLKF assigns a pin or node name followed by the
reserved word .CLKF. The name must be defined in an
earlier PIN or NODE statement in the declaration
segment. A forward slash before the pin or node name
defines a falling edge clock. The absence of a forward
slash defines a rising edge clock.

Assignment Operator The assignment operator is a symbol that defines a

specific operation as interpreted by the software when
processing design files.2

20 Referto Chapter 11, in this section, for more information regarding .CLKF statements.

21 Refer to ASSIGNMENT OPERATOR, in this chapter, for additional details.
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.CLKF

Expression Expression includes the signal name or expression that
defines the clock source.

Important: In PLDs with multiple clocks, you must
specify the clock pin; don't use an expression.

All values in an expression for a PLD design are signal
names that must be defined in earlier PIN and NODE
statements.22 In the syntax example, when EXT is
true, the clock associated with QO is asserted.

USE Multiple .CLKF statements for the same pin or node are
automatically ORed together into one statement. This
can result in an error during either assembly or fitting.

If no clock pin is defined using the .CLKF instruction,
registered outputs default to the nominated default pin
for the specified device.23

Note: For devices without a default clock pin, such as
the PAL20RA10, you must define a clock pin.

You can use a group, string, or vector notation to define
signals, which is an excellent way to assign a functional
equation to several pins.24

The next example shows how to use vector notation.

22 Retfer to NODE and PIN, in this chapter, for details about including a forward slash to define
polarity.

23 Referto Chapter 11, in this section, for details regarding default clock pins.

24 Refer to FUNCTIONAL EQUATIONS and GROUP, in this chapter, for additional details.
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.CLKF

;DECLARATION SEGMENT
PIN 14..16 Q[o0..2]
PIN 8..10 CLK[0..2]
; EQUATIONS
Q[0..2].CLKF = CLK[O-..2]

This generates the following equations.

Q[0.CLKF = CLK)0]
Q1[1].CLKF = CLK[1]
QI[2].CLKF = CLK[2]

The following example shows how to use a STRING

statement.
; DECLARATION SEGMENT
STRING IN1 ‘Al * A2’
; EQUATIONS
Q0.CLKF = IN1

This generates the following equation.

QO0.CLKF = Al * A2

The following example shows how to use a GROUP
statement.

; DECLARATION SEGMENT
GROUP CLOCKS A B C

; EQUATIONS
CLOCKS.CLKF

D*E

This generates the following equations.

A.CLKF = D*E
B.CLKF = D*E
C.CKF = D*E
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CLKF This keyword identifies which clock is used for the
synchronized operation of the state machine.

Devices Supported
PAL26V12 PALCE20M16  PALCE29MA16  PALCE610 PLS30S16 MACH 1
MACH 2
SYNTAX You can use this statement only in the state segment of
state-machine designs.
Syntax
CLKF Assignment Operator Clock_pin
Example
CLKF = CLK1
Definitions Parameters following the keyword are defined below.
Assignment Operator The assignment operator is a symbol that defines a
specific operation as interpreted by the software when
processing design files.25
Clock_pin Clock_pin is the pin you define as the clock source for

the state machine.26

» Specify the name exactly as it's defined in the PIN
statement in the declaration segment.

* Place a forward slash before the equation to select
a falling edge clock. For example,

/CLKF = CLK1

25 Refer to ASSIGNMENT OPERATOR, in this chapter, for additional details.

26 Referto the specific device datasheet to determine which pin to use.
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USE

CLKF

Note: To define a falling edge clock for PAL29M16,
ou must use NCLKF instead of the forward slash.

Without a CLKF equation, you cannot specify a non-
default clock pin if you use automatic state-bit
assignment.

This equation creates clock assignments for both state
bits and output registers. 27

27 Refer to BOOLEAN EQUATION and .CLKF, in this chapter, for additional details.
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CLOCKF This command generates a clock pulse on dedicated
clock pins during simulation. Three test vectors are
generated: raise clock, propagate output, and lower
clock. In the simulation trace and waveform files, the
letter ¢ appears in the header over the first vector for

each pulse.
Devices Supported
PAL16R4 PAL16R6 PAL16R8 PAL16V8 PAL18U8 PAL20R4
PAL20R6 PAL20R8 PAL20V8 PAL20X4 PAL20X8 PAL20X1
PAL22V10 PAL23S8 PAL24R4 PAL24R8 PAL24R10 PAL26V12
PALCE29M16 PALCE29MA16  PAL32VX10 PALCE610 PLS105 PLS167
PLS168 PLS30S16 MACH 1 MACH 2
SYNTAX You include this command in the simulation segment or
auxiliary simulation file of Boolean and state-machine
designs.
Syntax
CLOCKF Clock_pin
Example
CLOCKF cLock
Definitions Only details about the clock pin are provided below.
Clock_pin Clock_pin defines the name of the clock pin used in the

PIN statement of the declaration segment. You can
also use groups and strings. On some devices, this pin
can be either an input or a clock, as described under
Use.

Important: You use a blank to separate multiple pin
names; no comma is needed.
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CLOCKF

The CLOCKF command is similar to the SETF
command ,28 except that CLOCKF generates a low-to-
high-to-low pulse.

Important: You cannot use a CLOCKF command for
registered devices without clock pins. These devices
require two SETF lines to generate the CLOCKEF pulse.

» If you do not use a SETF command to set the clock
signal low before clocking the register, the first
clock pulse has no effect.

Note: Atthe start of simulation, clock signals must
be initialized low.

« If you design a system using multiple banks of
independent clock pins and you connect these pins
externally for synchronous clock cycles, you must
list all clock pins in the CLOCKF command to
synchronize these banks during simulation.

« If you do not specify a clock pin in the CLOCKF
command, the nominated default clock pin for that
device is used.

Some devices, such as the PAL30S16, include a pin
you can configure as either an input or a clock.

* If you define the pin as a clock pin using a
corresponding .CLKF command , the CLOCKF
command generates a clock pulse for that pin.

* If you define the pin as a clock input on the
PLS30S16, you can still use the SETF command to
create a test vector for that pin.

28 Referto SETF, in this chapter, for additional details.
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.CMBF This reserved word allows you to customize a flip-flop
for dynamic register bypass.

[Devlces Supported: PAL32VX10. |

SYNTAX You include this functional equation only in the
equations segment of either Boolean or state designs.

Syntax

Pn.CMBF Assignment Operator Expression

Example

QUT1.CMBF = IN4 * /IN3

Definitions All parameters are defined below.

Pn.CMBF Pn.CMBF is a pin or node name followed by the
reserved word .CMBF. The name must be defined in
an earlier PIN or NODE statement in the declaration
segment.

* You cannot use negative polarity on the left side of
the equation.

* You can use the group, string, and vector notation
features to define signals, which is an excellent way
to assign this statement to several pins and nodes.

Assignment Operator The assignment operator is a symbol that defines a
specific operation as interpreted by the software when
processing design files.29

Expression Expression is the logic you define to be bypassed. In
the syntax example, when IN4 and /IN3 are true, OUT1
is true and the flip-flop associated with OUT1 is
bypassed.

29 Refer to ASSIGNMENT OPERATOR, in this chapter, for additional details.
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.CMBF

The .CMBF statement overrides the registered pin or
node type you defined in the PIN or NODE statement in
the declaration segment.30 The default case is set to
combinatorial.

If you have multiple functional equations for the same
pin or node, an error occurs during assembly.

30 Referto the following topics, in this chapter, for additional information: BOOLEAN EQUATION,
COMBINATORIAL, EXPRESSION, FUNCTIONAL EQUATIONS, and REGISTERED.
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COMBINATORIAL

This optional reserved word defines the output type for
devices with programmable outputs. When a pin or
node is defined as combinatorial, the logic output is
immediate; the output value is not stored.

Devices Supported: All devices except the PAL16R8,
PAL20R8, PAL20X10.

SYNTAX You include the optional reserved word in the PIN or
NODE statement of Boolean and state-machine
designs.

Syntax

Pn Number Location_name Storage

Example

PIN 14 0uT1 COMBINATORIAL
NODE 15 0uT2 COMB

Definitions Only the reserved word COMBINATORIAL is discussed
below.31

Storage Assign COMBINATORIAL as a value to define a

specific pin or node storage type. Combinatorial is also
the default when you do not specify a storage type.

+ Place the reserved word COMBINATORIAL after
the pin or node name in the corresponding
statement.

* Use either the complete word COMBINATORIAL or
the four-letter abbreviation, COMB.

31 Refer to the following topics, in this chapt