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Preface

The LCA300K Gate Array Product Series Databook is written for logic
and system designers who wish to use LSI Logic’s 0.6-micron gate
array products to create high-performance designs. It is assumed that
users of this manual are familiar with LSI Logic’s MDE®/C-MDE™
design sequences from having attended LDS® Core, Design Methodol-
ogy, and Compacted Array™ design classes at one of LSI Logic’s
design resource centers.

Publications are stocked at the address given below.’
Requests should be addressed to:

LSI Logic Corporation

Literature Distribution, M/S D-102
1551 McCarthy Boulevard
Milpitas, CA 95035

Fax: 408.433.8989

Preface
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Chapter 1
LCA300K Gate Array
Product

11
Introduction

This databook contains design information for the 0.6-micron gate array
products. These products are designed using the LCA300K/LCA310K
Gate Array series product family libraries. This databook also contains
performance information for each of the libraries’ internal macrocells
(Chapter 2). The timing data given on the macrocell’s data page are calcu-
lated using LSI Logic’s modeling enhancement software tool called
CHARMS (CHARacterization and Modeling System), which calculates
delay values that closely match actual silicon performance.

The remaining chapters of this databook provide information on the fol-
lowing system building blocks: *
5V and 3.3 V I/0 Macrocells (Chapter 3)

Logic Functions (Block Synthesis) and Memories (Memory Com-
piler) (Chapter 4)

m Macrofunctions (Chapter 5)

m System Building Blocks (Megafunctions) and CoreWare™ Micropro-
cessors (Chapter 6)

1.2

Features of the
0.6-Micron
Array-Based
Products

The 0.6-micron array-based products have the following features:

m a0.6-micron drawn gate length (0.45-micron effective channel length)
HCMOS process technology

m functional equivalence to LSI Logic’s 1.0- and 0.7-micron array-based
products

m compatibility with LEA300K Embedded Array® ASICs product fam-
ily library and LCB300K Cell-Based ASICs product family library

m masterslices that offer from 10,000 to 500,000 usable gates complex-
ity and user-defined memory capable of up to 96 Kbits of SRAM and
348 Kbits of ROM

m 2- or 3-layer metal interconnect options

LCA300K Gate Array Product Introduction 1-1
10/33 © 1992, 1393 LS! Logic Corp. Proprietary Information




B 53044804 0014691 T9T7 ERMLLC

In addition, the product family libraries used in the (.6-micron array-based
products provide architectural solutions for system designs by including
complex industry-standard megafunctions. The integration of these func-
tions raises reliability by reducing system component count and increases
performance by reducing the use of PC board and package interconnect.

The product family libraries offer I/O pad counts of up to 888 (depending
on the number of required power pins). Unidirectional, bidirectional, and
3-state output buffers are available with design-specific options for pull-up
or pull-down resistors, variable drive strengths, and slew rate control.
Pseudo ECL I/O buffers furnish an ECL-level interface without the cost
and power penalties of ECL, and NTL (NMOS transceiver logic) /O buff-
ers reduce noise while switching at data rates of up to 175 MHz. Both 5V
and 3.3 V I/O buffers are available to enable flexibility in designing low-
power systems.

13

Product Family
Library
Description

This section describes the LCA300K/LCA310K Gate Array Series.
LCA300K has 2-layer metal interconnect; LCA310K has 3-layer metal
interconnect.

These product families use LSI Logic’s Gate Array architecture, which is
an array core filled with potentially active transistors connected through
either 2- or 3-layers of metal interconnect.

LCA300K Gate
Array Series,
2-Layer Metal

1-2

The LCA300K Gate Array Series with 2-layer metal interconnect offers
I/O pad counts of up to 668 in standard packages and up to 888 with TAB
(Tape Automated Bonding) in COT (Chip-On-Tape) packages. The
2-layer metal series is ideal for applications that are limited by the number
of required I/O buffers but are not pushing the limits of gate capacity.

Table 1.1 shows the products available in the LCA300K 2-layer metal
series.

LCA300K Gate Array Product Product Family Library Description
10/93 © 1392, 1993 LS/ Logic Corp. Proprietary Information
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Table 1.1
LCA300K 2-Layer
Metal Products

Die Total Usable Gates/% Utilization 1/0 Pad Count (by pitch, in mil)
Device Name | Code Gates Nominal High 3.3 4.1 4.4 4.9
LC300 023 |3A02 |22,518 7,900 35% | 10,800 48%| 168 136 128 120
LC300 030 |[3A03 |30,268 10,600 35% | 14,500 48%| 192 160 152 136
LC300 036 |[3A04 [35,904 12,600 35% | 16,900 47%| 208 168 160 144
LC300 053 [3A05 |52,824 18,500 35% | 24,300 46%| 240 200 192 168
LC300 069 |3A07 |69,012 24,200 35% {31,100 45%| 280 232 216 192
LC300 097 |3A10 |96,768 33,900 35% | 42,600 44%| 328 264 248 | 224
LC300 123 |3A12 (122,850 |43,000 35% | 52,800 43%| 368 296 280 | 248
LC300 153 |3Al15 {152,764 |53,500 35% | 64,200 42%| 408 328 312 | 280
LC300 185 [3A19 (185,136 |64,800 35% {75,900 41%| 448 360 | 344 | 304
LC300 236 |3A24 |235,800 82,500 35% | 96,700 41%| 496 400 376 | 336
LC300 317 |3A32 (317,376 |111,100 35% | 130,100 41%| 576 | 464 | 440 | 392
LC300 415 |3A41 [414,816 |145200 35% | 165,900 40%| 656 | 528 496 | 440
LC300 563 |3A56 [562,950 197,000 35% | 225,200 40%| 760 | 616 576 | 512
LC300 784 |3A78 |783,920 |274,400 35% | 313,600 40%| 896 | 720 | 680 | 600

LCA310K Gate The LCA310K Gate Array Series with 3-layer metal interconnect offers

Array Series, the same pad counts and buffer options as LCA300K designs, but
3-Layer Metal LCA310K has a higher gate capacity.
Table 1.2 shows the products available in the LCA310K 3-layer metal
series.
LCA300K Gate Array Product Product Family Library Description 1-3
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Table 1.2
LCA310K 3-Layer
Metal Products

Die Total Usable Gates/% Utilization 1/0 Pad Count (by pitch, in mil)
Device Name | Code Gates Nominal High 3.3 4.1 4.4 49
LC310 023 [3A02 22518 10,800 48% | 15,800 70% | 168 136 128 120
LC310 030 |3A03 |30,268 14,500 48% | 20,900 69% | 192 160 152 136
LC310 036 |[3A04 {35,904 17,200 48% (24,100 67% | 208 168 160 144
LC310 053 |[3A05 |52,824 25,400 48% (34,900 66% | 240 | 200 192 168
LC310 069 |3A07 |69,012 33,100 48% | 44,900 65% | 280 232 216 192
LC310 097 [3A10 (96,768 46,400 48% | 61,900 64% | 328 | 264 | 248 | 224
LC310 123 |3A12 122,850 |[59,000 48% | 77,400 63% | 368 296 280 248
LC310 153 ([3A15 (152,764 {73,300 48% | 94,700 62% | 408 328 312 280
LC310 185 |[3A19 |185,136 (88,900 48% | 112,900 61% | 448 | 360 | 344 | 304
LC310 236 |[3A24 (235,800 |113,200 48% | 141,500 60% | 496 400 376 336
LC310 317 |3A32 |317,376 |152,300 48% | 187,300 59% | 576 464 440 392
LC310 415 |[3A41 (414,816 (199,100 48% | 244,700 59% | 656 | 528 | 496 | 440
LC310 563 |3A56 (562,950 |270,200 48% | 326,500 58% | 760 | 616 | 576 | 512
LC310 784 |[3A78 (783,920 376,300 48% | 454,700 58% | 896 | 720 | 680 | 600

1.4 LSI Logic has developed libraries to meet a wide range of design needs:
Overview of LSI .
Logic Library m Standard Library

Options m 5V, 3.3V, and Mixed- Voltage Applications
m  C-MDE and Third-Party Design Environments

Standard Library  The macrocells contained in this book comprise the LCA300K standard
library. The majority of these macrocells are characterized up to 64 stan-
dard loads; however, this library also contains cells characterized up to 16
and 256 standard loads. Because these cells are characterized using
CHARMS (which is described in Section 1.7 below), LSI Logic is able to
calculate delay values that more accurately match silicon performance at
both chip and system levels.

1-4 LCA300K Gate Array Product Overview of LSI Logic Library Options
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5V, 3.3V,and
Mixed-Voltage
Applications

The standard library’s macrocells and I/O buffers are available for 5 V and
3.3 V power supply levels in the IO300K library. The 3.3 V option offers
lower power dissipation, interface compatibility with 3.3 V buses and
components, fewer design constraints on the number of simultaneously
switching output buffers, and less ground-bounce noise. (3.3 V I/Os are
not TTL-compatible.) Refer to Chapter 3 for more information about 3.3
V design.

C-MDE and Third-
Party Design
Environments

LSI Logic offers its libraries for use with its C-MDE design system. In
addition it offers reconfigured versions of the standard library that are
compatible with third-party design tools. Contact your applications engi-
neer for information on available libraries.

15
Designing for
Test

LSI Logic provides the design engineer with the following test tools:

m  Test Builder for internal scan testing (fully compliant with IEEE
1149.1 methodology)

Test Builder is an advanced scan design environment that reduces
time-to-market for ASIC-based systems. Scan Chain Synthesis
achieves predictable test results by automatically inserting the most
optimized scan path. Scan ATPG improves the quality of test vectors
by achieving over 99 percent stuck-at-fault coverage. High fault cov-
erage will raise the end user’s confidence in IC quality and minimize
the expenses of field failures. Test Builder supports edge-sensitive and
level-sensitive scan methodologies, including testing of RAMs,
ROMs, and megafunctions.

m  Automatic JTAG Builder for inserting test access port and boundary-
scan architecture (IEEE 1149.1 standard)

Automatic JTAG Builder inserts and interconnects JTAG logic to sys-
tem logic. It also automatically generates the BSDL description of the
boundary scan circuit, as well as a full set of test vectors for boundary
scan logic. High fault coverage at the system level using boundary
scan will raise the end user’s confidence in product quality and mini-
mize the expenses of field failures.

LCA300K Gate Array Product Designing for Test 1-5
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Automatic JTAG Builder supports mandatory instructions (such as
BYPASS, SAMPLE/PRELOAD, and EXTEST) as well as optional instruc-
tions (such as RUNBIST, INTEST, CLAMP, HIGHZ, and other user-
defined instructions). This tool supports LSI Logic’s boundary scan
cells or user-defined cells, and I/O buffers with built-in multiplexer for
reducing delays due to boundary scan cells.

m  Accelerated fault simulation

Accelerated fault simulation is fully integrated into the C-MDE simu-
lation environment using the XP family of Zycad hardware accelera-
tors at LSI Logic’s design centers. This family can simulate a design
of 1,000,000 gates, allowing a user to concurrently run thousands of
faults per pass, thus performing fault simulation in days rather than
months using a serial algorithm. LSI Logic provides statistical as well
as deterministic fault simulation for end users.

Contact your applications engineer for more information about test meth-
odology and tools.

1.6
Propagation
Delays

16

Propagation delays are primarily determined by cell drive capability and
loading, which consists of cell input capacitances and wiring. However,
for a reliable operation of a chip in a system environment, a designer
should also take into account the following three critical variables that
affect the delays in an integrated circuit: 1) process variation, 2) supply
voltage, and 3) on-chip junction temperature, where junction temperature
is calculated using chip power dissipation and thermal resistance to the
ambient temperature of the package being used.

Process variation is introduced because of the limitations of manufacturing
equipment and processes. Hence this variation could change the physical
dimensions of some critical parameters—such as gate oxide, gate length,
etc.— which consequently affect the electrical characteristics of devices,
either increasing or slowing performance as compared to that for a nomi-
nal condition.

Voltage and temperature variables are introduced because of the system
environment. Increase in voltage reduces the propagation delay, whereas
increase in temperature increases the propagation delay. Three environ-
ments are accepted as standard in the industry: commercial, industrial, and
military.

LCA300K Gate Array Product Propagation Delays
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Because of the unknown process variation and a need for designing chips
in a wide range of voltage and temperature environments, designers must
simulate their designs under all three conditions: nominal, worst-case, and
best-case.

The following sections discuss these factors and give equations for com-
puting best- and worst-case propagation delays.

Table 1.3 defines the symbols used in propagation delay calculations.

Table 1.3 Symbol  Definition

Propagation Delay — -

Symbols Kopmin Minimum processing factor
Kpmax Maximum processing factor
Kwe Worst-case temperature factor
KTbe Best-case temperature factor
Kvbe Best-case voltage factor
Kvwe Worst-case voltage factor
Kie Best-case factor
Kye Worst-case factor
T; Junction temperature
tnax Maximum time
Cmin Minimum time
tom Nominal time

t,LH Propagation delay from low to high
tHL Propagation delay from high to low
vDD Supply voltage

Table 1.4 shows the delay derating factors for process (Kp), voltage (Ky),
and temperature (K7).

Table 1.4 Environment Commercial Industrial Military
Ky, Ky and Ky Derating
actors K, Ky Kr K, Ky Kr K, Ky Ky
Best-Case 070 0954 094 0.7 094 0.83 07 087 079

Nominal 1 1 1 1 1 1 1 1 1
Worst-Case 14 1.07 112 1.4 1.07 1.15 1.4 1.13 126

LCA300K Gate Array Product Propagation Delays 1-7
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Interconnect The wire lengths used between different-sized blocks of logic affect prop-

Routing agation delay. The matrixes in Table 1.5 and Table 1.6 show the equivalent
standard load values for different sizes of block areas using 2-layer and
3-layer metal interconnect, respectively. Wire loading for 3-layer metal is
generally lower than for 2-layer metal (for a given fanout and block size)
because of shorter statistical wirelengths as well as lower average unit
capacitance. These values are based on relative capacitive loading and are
used in wire length estimates.

In these tables, the following parameters are used:

m The Size column (at left) shows the dimensions of the physical block
in mm.

m The fanout values (F.O.) (at the top of the matrix) represent fanout (the
number of pins on a net minus 1).

m The numbers in the Slope column (at right) represent the linear ratio
of the standard load value over the value of EO.

m  The intercept value, which is the intrinsic standard load of the cell (the
loading without considering the loading that would be added by wire)
is always 0. It equals the y-axis intercept of the fanout curve vs. the
standard load.

m The values in the body of the matrix, for each block size and F.O.
value, are the number of equivalent standard loads of the wire length
used within the given block size.

1-8 LCA300K Gate Array Product Propagation Delays
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Table 1.5
Equivalent Standard Load Matrix for
2-Layer Metal Interconnect

Fanouts (F.O.—number of equivalent standard loads) Intercept=0

Size of
die (mm) | 1 2 3 4 5 6 7 8 16 32 64 | Slope

05x0.5 [ 078 | 1.55 | 233 | 3.10 | 3.8%8 | 465 | 543 | 6.20 | 12.40 | 24.81 | 49.61 | 0.775

1.0x1.0 | 0.82 | 1.63 | 245 | 326 | 408 | 489 | 571 | 6.52 [13.04 | 26.08 | 52.17 | 0.815

20x20 | 089 | 1.79 | 268 | 3.58 | 447 | 537 | 626 | 7.16 | 1432 | 28.64 | 57.27 | 0.895

3.0x3.0 | 0.97 195 | 292 | 390 | 487 | 585 | 682 | 7.80 | 1559 | 31.19 | 62.38 | 0.975

40x4.0 [ 1.05 | 211 | 3.16 | 422 | 527 | 633 | 738 | 844 |[16.87 | 33.74 | 67.48 | 1.054

50x50 | 1.13 | 2.27 | 340 | 454 | 567 | 681 | 794 | 907 | 18.15 | 36.29 | 72.59 | 1.134

6.0x6.0 | 1.21 | 243 | 364 | 486 | 607 | 728 | 850 | 971 | 19.42 | 38.85 | 77.70 | 1.214

7.0x7.0 | 1.29 | 259 | 388 | 5.18 | 647 | 776 | 9.06 | 10.35 | 20.70 | 41.40 | 82.80 | 1.294

8.0x80 | 1.37 | 275 | 412 | 549 | 6.87 | 824 | 9.61 |10.99 | 21.98 | 43.95 | 87.91 | 1.374

9.0x9.0 | 1.45 | 291 | 436 | 581 | 727 | 872 |10.17 | 11.63 | 23.25 | 46.51 | 93.01 | 1.453

10.0x10.0{ 1.53 | 3.07 | 460 | 6.13 | 7.67 | 920 | 1073 | 12.26 [ 24.53 | 49.06 | 98.12 | 1.533

11.0x11.0| 1.61 | 3.23 | 484 | 645 | 8.06 | 9.68 | 11.29 | 1290 | 25.81 | 51.61 |103.22 | 1.613

12.0x12.0| 1.69 | 339 [ 508 | 6.77 | 846 |10.16 | 11.85 | 13.54 [ 27.08 | 54.16 [108.33 | 1.693

13.0x13.0] 1.77 | 354 | 532 | 7.09 | 8.86 | 10.63 | 1241 | 14.18 | 28.36 | 56.72 |113.44 | 1.772

14.0x14.0( 1.85 | 3.70 [ 556 | 741 | 926 | 11.11 | 1297 | 14.82 | 29.64 | 59.27 |118.54 | 1.852

15.0x15.0( 1.93 | 386 | 580 | 7.73 | 9.66 | 11.59 | 13.52 | 1546 [ 30.91 | 61.82 [123.65 | 1.932

LCA300K Gate Array Product Propagation Delays 1-9
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Table 1.6
Equivalent Standard Load Matrix for
3-Layer Metal Interconnect

Fanouts (F.O.—number of equivalent standard loads) Intercept=0

Size of
die (mm) | 1 2 3 4 5 6 7 8 16 32 64 | Slope

0.5x0.5 | 0.75 | 1.50 | 225 | 3.00 | 3.76 | 451 | 526 | 6.01 |12.02 |24.04 | 48.08 | 0.751

1.0x10 [ 079 | 1.58 | 237 | 3.16 | 395 | 474 | 553 | 632 |12.64 | 25.28 | 50.55 | 0.790

20x20 | 0.87 | 1.73 | 260 | 3.47 | 434 | 520 | 6.07 | 6.94 | 13.87 | 27.75 | 55.50 | 0.867

30x3.0 [ 094 | 1.89 | 2.83 | 378 | 472 | 5.67 | 6.61 [ 7.56 | 1511 |30.22 | 60.45 | 0.944

4.0x4.0 | 1.02 | 204 | 3.07 | 409 | 5.11 | 6.13 | 7.15 | 817 | 1635 | 32.70 | 65.39 | 1.022

50x5.0 [ 1.10 | 220 | 330 | 440 | 550 | 659 | 7.69 | 879 |17.59 | 35.17 | 70.34 | 1.099

6.0x6.0 | 1.18 | 235 | 353 | 471 | 588 | 7.06 | 823 | 941 | 1882 |37.64 | 7529 | 1.176

7.0x7.0 | 1.25 | 251 | 3.76 | 501 | 627 | 7.52 | 878 | 10.03 |20.06 | 40.12 | 80.24 | 1.254

80x8.0 | 1.33 | 266 | 399 | 532 | 665 | 7.99 | 932 |10.65 | 21.30 | 42.59 | 85.18 | 1.331

9.0x9.0 | 1.41 | 2.82 | 422 | 563 | 7.04 | 845 | 986 | 11.27 |22.53 | 45.07 | 90.13 | 1.408

10.0x10.0| 149 | 297 | 446 | 594 | 743 | 891 | 10.40 | 11.88 | 23.77 | 47.54 | 95.08 | 1.436

11.0x11.0[ 1.56 | 3.13 | 469 | 625 | 7.81 | 938 | 1094 | 12.50 | 25.01 | 50.01 |100.03 | 1.563

12.0x12.0| 1.64 | 3.28 | 492 | 656 | 820 | 9.84 | 11.48 | 13.12 [ 26.24 | 52.49 [104.97 | 1.640

13.0x13.0| 1.72 | 344 | 515 | 6.87 | 859 {1031 |12.02 | 13.74 [ 27.48 | 54.96 {10992 | 1.718

14.0x14.0| 1.79 | 3.59 | 538 | 7.18 | 897 | 10.77 | 12.56 | 14.36 [ 28.72 | 57.43 |114.87 | 1.795

15.0x15.0( 1.87 | 3.74 | 562 | 749 | 936 | 11.23 | 13.10 | 1498 | 29.95 | 59.91 |119.82 | 1.872

Use the following equation to interpolate for load conditions other than
those provided in the matrixes:

mumber of nmumber of
equivalent standard loads = fanouts % slope + intercept

1-10 LCA300K Gate Array Product Propagation Delays
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Supply Voltage Figure 1.1 shows propagation delay variation in two ways:

and Junction ) o ) o .

Temperature B K which shows the delay variation as a function of on-chip junction
temperature (Tj)

Junction temperature (the temperature of the die inside the package) is
calculated using chip power dissipation and the thermal resistance to
the ambient temperature (0. ) of the package being used. Contact your
LSI Logic applications engllarlleer for more information on package
thermal performance.

m Ky which shows the delay variation as a function of supply voltage
(Vpp)

LSI Logic allows for a +40% and -30% variance attributed to all factors,

including process (K . =0.7,K =1.4).
pmin pmax
Figure 1.1
Propagation Delays as a Function of
Junction Temperature and Supply
Voltage
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Propagation
Delay

Worst-case propagation delay can be calculated as follows:

t K XKTchKVWCXt

= =K Xt
max pmax m wc nom

no
where:

K =14

pmax

Best-case propagation delay can be calculated as follows:

tmin = Kpmin X KTbc X KVbc X tnom = Kbc X tnom

where:

K

pmin = 0.7

1.7
CHARMS
Overview

1-12

LSI Logic is dedicated to achieving a closer coupling between predicted
system timing delay parameters and actual silicon performance. Therefore
the cells in the 300K libraries have been modeled using a new engineering
software tool that brings circuit simulation accuracy to the delay predic-
tion environment.

This tool, called CHARMS (CHARacterization and Modeling System),
provides the following functions:

m extraction of circuit simulator timing information from key parameters
(output loading and input ramp time)

recognition of the effects of switching threshold on timing information

characterization of cell delays with output loading, input ramp time,
and switching-threshold information

Key benefits of CHARMS include 1) the availability of independent char-
acterization variables to account for variation in output loading and input
ramp time, and 2) the ability to account for the effect of switching thresh-
old on cell-to-cell delay. Because of these benefits, LSI Logic is able to
calculate delay values that more accurately match silicon performance at
both chip and system levels.

For more information, refer to the application note “Designing with a
CHARMS-Enhanced Library,” or contact your applications engineer.

LCA300K Gate Array Product CHARMS Overview
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1.8
Clocking and
Skew Control

Clocking is one of the most important considerations for the high-speed
digital design system. The clock frequency determines the maximum rate
of data processing and data transmission. Maximum clock frequency is
limited by clock skew, flip-flop setup time, flip-flop delay time, and the
delay time of the logic block between any two flip-flop elements.

In advanced integrated circuit designs, clock skew is caused by different
interconnection delays due to local buffers and unequal lengths of local
interconnect wire. To minimize clock skew in ASICs, LSI Logic has intro-
duced the use of the Phase-Locked Loop circuit (discussed below) and the
Balanced Clock-Tree Compiler.

The Balanced Clock-Tree Compiler is based on a multi-level clock distri-
bution scheme that improves ASIC performance by minimizing the clock
skew, reducing total clock delay, improving rise and fall times, and reduc-
ing silicon area usage by the clock circuitry. For more information about
the use of Balanced Clock-Tree Compiler, see the application note “Clock
Distribution Schemes for 300K Technologies” and contact your applica-
tions engineer.

19
Phase-Locked
Loop Circuit

A Phase-Locked Loop (PLL) consists of a phase detector, loop filter, and
voltage-controlled oscillator (VCO). The PLL synchronizes the on-chip
clock with the system clock in both frequency and phase. LSI Logic can,
upon request, put its PLL circuitry into a design. The advantages of adding
PLL circuitry are

wm the minimizing of the effect of clocking skew at system level caused
by variations in the process temperature, power supply, interconnects,
and routing

m frequency synthesis, which uses the system clock as a base frequency
to generate higher frequencies for the internal logic

Contact your applications engineer for more information about phase-
locked loop circuits.

LCA300K Gate Array Product Clocking and Skew Control 1-13
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1.10

Output Buffer
Slew Rate
Control

Table 1.7

Minimum Rise/Fall
Time and Maximum
Interconnection
Lengths for Output
Buffers

1-14

LSI Logic offers the option of slew rate control on output buffers. Using
slew rate control allows longer interconnections on a PC board.

The fast rise and fall times of CMOS output buffers can cause system noise
and signal overshoot. When a buffer is driving an unterminated line, the
maximum allowable length of the line can be determined from the rise or
fall time of the output buffer and the round-trip delay of the line. Long
transmission lines degrade system performance because of reflections and
ringing.

The user can slow down the output edge rate, thereby allowing the use of
alonger line, by controlling slew rate. Two slew rates are provided for each
type of output buffer (except b1 and b2). Moderate slew rate is designated
by the suffix rp in the buffer’s name; minimum slew rate is designated by
the suffix r. The selected slew rate depends on design requirements.

A b4 unidirect output buffer (with a 4 mA output drive strength) has a typ-
ical delay of 1.3 ns when loaded with 15 pF. A b4r unidirect output buffer
(with minimum slew rate) has a typical delay of 2.5 ns. For a typical line

delay of 0.055 ns/cm, the maximum allowable length of the signal trace is

11.8 cm for the b4 and 22.7 cm for the b4r.

Table 1.7 shows the minimum rise/fall time in nanoseconds and the maxi-
mum interconnection lengths in centimeters for unidirect output buffers
with varying slew rates. Longer interconnections will degrade system
performance.

Min Rise/Fall Time Maximum Interconnection Lengths

Output Buffers t(ns)! (cm) = t(ns) / 0.055 (ns/cm) / 2
bl 3.80 34.5 '

b2 2.60 23.6

b4 1.30 11.8

bérp 1.60 14.5

bdr 2.50 227

b6 1.00 9.1

b6Ip 1.20 10.9

bér 2.00 18.2

b8 0.92 8.4

(Sheet 1 of 2)

LCA300K Gate Array Product Output Buffer Slew Rate Control
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Table 1.7 (Cont.)

Min Rise/Fall Time  Maximum Interconnection Lengths

Minimum Rise/Fall ~ Output Buffers t(ns)! (cm) = t(ns) / 0.055 (ns/cm) / 2
Lengths for Qutput ~ b8r 1.40 12.7
Buffers b12 0.88 8.0
b12rp 1.10 10.0
b12r 1.20 10.9
b24a 0.88 8.0
b24mpa 1.10 10.0
b24ra 1.20 10.9
(Sheet 2 of 2)
1. 15 pF loading under nominal conditions.
1.1 The standard library’s buffers may not provide the flexibility necessary to

Custom Buffers

handle the design problems associated with high-performance system
designs. To aid in the design process, LSI Logic has developed the follow-
ing types of custom buffers:

Delay-Compensated Output Buffers

NMOS Transceiver Logic (NTL)

Pseudo ECL (PECL)

Differential Input Buffer

Contact your applications engineer for information on obtaining these
buffers.

Delay-
Compensated
Output Buffers

System performance can be improved if the buffer delay variance that
results from changes in process, temperature, and supply voltage is
reduced. The standard 300K output buffer is designed to accommodate
delay compensation. Delay compensation is achieved by actively adjust-
ing the output transistor’s drive based on process strength and environ-
mental conditions. When this procedure is used, total delay derating for
outputs is reduced from 0.64 ns best-case commercial and 1.67 ns worst-
case commercial to 0.70 ns best-case commercial and 1.30 ns worst-case
commercial.

Control circuitry is used to activate the delay compensated outputs.
Approximately 300 standard core logic gates are used to implement the

LCA300K Gate Array Product Custom Buffers 1-15
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control circuit. A counter, which is customized for each system clock fre-
quency, is also used. The system clock represents a known “standard”
value, which is then compared against an internal delay circuit. The delay
value of the internal circuit is dependent upon supply voltage, temperature,
and process. The output buffer drive is adjusted based on the outcome of
this comparison.

NMOS
Transceiver Logic
(NTL)

Figure 1.2
Multi-Driver NTL
Backplane Operation

VT

RT

In typical high-performance system designs, conventional CMOS inter-
faces suffer from overshoot and ringing. CMOS I/Os above 40-50 MHz
require careful design and simulation.

NTL is a user-definable, low-voltage swing interface that employs a
matched impedance transmission line environment similar to that of ECL.
NTL enables high-speed and low-power chip-to-chip communication in
excess of 175 Mbits per second. NTL also allows for direct driving of back
planes from the ASIC.

NTL uses an open drain output configuration for line driving. In single-
driver applications, the transmission line is terminated at the receiver.
When multiple drivers are tied to the same transmission line, the line is ter-
minated at both ends to prevent reflections, as shown in Figure 1.2. NTL
can be configured for single-end or differential operations.

RT

A

AY] [

1-16

NTL provides an option for GTL—which is co-developed by Xerox, Sun
Microsystems, and LSI Logic and is a specific implementation of NTL.
GTL typically uses a 1.2 V termination voltage and provides an
approximate 800 mV output swing. Vo, is specified at 0.4 V and Voh;,
is specified at VT or 1.2 V.

LCA300K Gate Array Product CustomBuffers
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Pseudo ECL
{PECL)

Figure 1.3
Differential PECL
Operation

PECL interfaces are used with high-speed chip-to-chip communication
and for backplane transceiver applications. In addition, PECL is used to
interface with ECL logic and memory. PECL outputs are externally termi-
nated to VDD minus 2 V. The output swing is centered around VDD minus
1.3 V. PECL can also be configured for differential applications, as shown
in Figure 1.3. The PECL output buffer is designed for high-performance
applications supporting clock rates in excess of 175 MHz.

500 500 RT
VEE  © VEE

Differential Input
Buffer

LSI Logic’s differential input buffer is used to accept signals from a vari-
ety of high-performance interface technologies, including PECL and NTL.
When provided with a reference voltage, the input buffer operates in the
single-end mode. The buffer is capable of accepting signal swings down to
Vret +/- 50 mV.

1.12
Packaging
Overview

LSI Logic offers the following industry-standard and custom plastic and
ceramic packages for the LCA300K product family library: Dual In-Line
Packages, Leaded and Leadless Chip Carriers, Pin Grid Arrays, Plastic
Ball Grid Arrays, Quad Flat Packs, Chip-On-Tape, Metal Quad Flat Packs,
and Thin Quad Flat Packs.

Refer to LSI Logic’s Package Selector Guide for a complete description
of package data and characteristics. The guide provides electrical and ther-
mal information, mechanical drawings and dimensions of the package, and
external pin to internal die cavity pad mapping for each available package.
To aid in board layout, detailed drawings of specific packages are available
upon request.

LCA300K Gate Array Product FPackaging Overview 1-17
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113

Factors Affecting
Power and
Ground

1-18

This section describes the rules that govern the use of power and ground
buses for the LCA300K product.

Types of power and ground buses are listed below:

m Primary power and ground buses
— VDD, a power bus for output/bidirectional drivers and clock buffers

— VSS, a ground bus for output/bidirectional drivers and clock
buffers

— VDD4, a power bus for I/O cells whose supply voltage is other
than that of the core logic

m Internal logic ground, and input receiver power and ground buses

— VDD2, a power bus for internal logic and input receivers

— VSS2, a ground bus for internal logic and input receivers
Each design must be evaluated to determine the required number and loca-
tion of power and ground pads. The total number of power and ground
pads a design requires (VSS/VDD and VSS2/VDD2) is a function of:
m for VSS/VDD

~ the number, types, and locations of output/bidirectional drivers
and clock drivers

- package inductance (Single-layer packages require more pad
pairs.)

— the total load capacitance

— the number of simultaneously switching outputs (SSO) in the
design

» Note: The design engineer should consult LSI Logic’s application sup-
port for how to implement the full set of rules for VSS/VDD pad
requirements for a particular design.

m for VSS2/VDD2

— gate utilization, percentage of simultaneously switching internal
gates, and operating frequency

— number and location of differential input buffers (see below)

— memories

LCA300K Gate Array Product Factors Affecting Power and Ground
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General Differential input receivers draw static current. Each 36 differential input
Requirements for  receivers require one pair of VDD2/VSS2 pads.

Differential Input

Receivers

Guidelines for VDD2/VSS2 provide a power/ground bus for the design’s internal logic.

Internal Power The size and operating characteristics of the internal logic array deter-
and Ground Bus  mines VDD2/VSS2 pad requirements.
(VDD2/VSS2)

Unlike other VDD/VSS pad pairs, VDD2/VSS2 pad requirements must be
calculated for each side of the die.

Follow these guidelines for calculating the required total number of
VDD2/VSS2 pads for the die:

m The total number of VDD2/VSS2 pads required in any design is deter-
mined by the quantity and speed of internal switching gates. Use the
following equation to calculate the required number of VDD2/VSS2
pads for each side:

-5
GUx PGS X SP X 1.6e

number of VDD2/VSS2 pads/side =

4
where:
GU is the number of used gates.
PGS is the percent of gates switched.
S, is the operating frequency in MHz.

» Note: At least one VSS2/VDD?2 pad pair must be used; however, it is rec-
ommended that each design use at least one VSS2/VDD?2 pad pair per side.

Rounding Off for ~ Use the following rule to round off calculations for the required number of
VSS2/vDD2 VSS2/VDD?2 pad pairs. If a power or ground calculation results in a num-
Calculations ber that is not an integer, then round off according to the following rules:

m  If the calculated fraction is < 0.1, round off to the nearest integer. For
example, if n = 3.1, use 3 pads.

m If the calculated fraction is > 0.1, round off to the next higher integer.
For example, if n = 3.2, use 4 pads.
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1.14

Estimating
Switching Power
Consumption

1-20

Before selecting a package, it is important to estimate the switching power
consumption of the die accurately. For example, an inverter switches from
output 0 to output 1, but before the switching occurs, the NMOS transistor
is on and the PMOS transistor is off. When the input switches from 1 t0 0,
a short period of time exists when both transistors are turned on—which
means that the dc current path from power to ground is not included in the
switching power estimation. The switching power occurs when the NMOS
transistor is turned off, the PMOS transistor is turned on, and the current
from the PMOS transistor charges up the external capacitive load. This
switching power is described by the following equation:

P = ! ><CxV2><f
)

where:

P is the ac switching power.

C is the capacitive load.

| 4 is the voltage change of the capacitive load.
f is the operating frequency.

When calculating capacitive load, you must take into account the input
capacitive load and the wiring capacitive load. In submicron technologies,
wire capacitance makes up a significant percentage of the total load.

Use the form on the following page to estimate switching power consump-
tion of the die. The form assumes the following:

m  Most gates inside the die switch one gate every three to five clock
cycles. A gate, in this case, is defined as a two-input NAND gate with
four transistors.

The average driver inside a macrocell drives 1.5 standard loads.
The value for average pins per net is 3.2.

The average wire length is 0.5 mm.

The average flip-flop of a macrocell has ten gates. The equation to cal-
culate a flip-flop’s power uses three types of drivers: clock, datapath,
and output.

m  Macrocells that are not flip-flops are assumed to have one output cell.

LCA300K Gate Array Product Estimating Switching Power Consumption
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Estimating Switching Power Consumption Form

Basic Switching Power Equation: P = fCV( 172)
Data Needed: G = Total Number of Gates
A =Total Number of Macrocells
P = Total Number of Flip-Flops
S = Percentage of Flip-Flops on System Clock » %o
f = System Frequency (MHz)
B = Total Number of Outputs & Bidirects
L = Average Chip Output Capacitive Load (pF)
H = Height of Clock Trunk (cm) (@size of die)
Data Given: For 0.6m: Cin = 0.042pF, Cout = 0.030pF, Cwire = 0.13pF/mm
Clock Trunk Cap. = Q X Flip-Flops X die width in cm
Q = 0.04pF/cm/FF for over 500 F/F, Q = 0.08pF/cm/FF for 500 or fewer F/F
Assumptions: Average gate inside macrocell drives 1.5 loads
Average input load is 1.5; non-F/F macrocells have one output each

Average pins/net is 3.2,
3.2 - ldriver = 2.2 fanout X 1.5 loads = 3.3 loads/output

Average wire = .5Smm
Average gate switches on 30% of cycles

Average flip-flop = 10 gates (including passive transmission gates),
internal F/F clock = 2 gates w/FO = 2, switching twice/cycle,
average flip-flop datapath = 5.5 gates,
20% of flip-flops use both Q and QN

Calculations: M = Total Random Output Stages = (A-P) X 1
N = Total Random Internal Stages =G - M - 10P
J = System Clocked Flip-Flops = P X 5%
K = Other Flip-Flops =P - J
Mp = .3M[Vdd2(Cout + 3.3Cin + .5Cwire){/2]
Np = .3N[Vdd2(Cout + 1.5Cin){/2)
Hp = 2[Vdd2(Cout + JCin + HIQ)f/2]

Jp = 4J[Vdd2(Cout + 2Cin)f/2}
+ 1.7J[Vdd2(Cout + 1.5Cin)f/2]
+.36]J[Vdd2(Cout + 3.3Cin + .5Cwire)f/2]
Kp = 1.2K[Vdd2(Cout + 2Cin)f/2]
+ 1L.7K[Vdd2(Cout + 1.5Cin){/2]
+.36K[Vdd2(Cout + 3.3Cin + .5Cwire)f/2]
Bp = .3B[Vdd2(L){/2]
Ptot = Total Dynamic Pwr =Mp + Np + Hp + Jp + Kp + Bp

LCA300K Gate Array Product Estimating Switching Power Consumption 1-21
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1.15 Table 1.8 lists DC characteristics for the 0.6-micron gate array product.
DC The data are specified at VDD = 5V + 10% (VDD = 3.3 V + 10% for low
Characteristics voltage option) for junction temperature over the specified temperature
range.
Table 1.8
DC Characteristics
Symbol Parameter Condition Min Typ Max Unit
VIL Voltage input LOW v
TTL inputs 0.8
CMOS levels 0.2 VDD
VIH Voltage input HIGH
TTL inputs (Com/Ind/
Mil temp range) 2.0 \%
TTL Schmitt trigger inputs
(Ind/Mil temp range) 2.25 A%
CMOS levels 0.7 VDD Vv
VT Switching threshold TTL 1.5 \"
CMOs 25 v
VT+ Schmitt trigger, positive- |CMOS 1.77 2.0 v
going threshold TTL 2.0 2.25 v
VT- Schmitt trigger, CMOS (5V) 1.0 1.5 v
negative-going CMOS (3.3V) 0.8 1.04 v
threshold TTL 0.8 1.04 v
Hysteresis, Schmitt CMOS VIL to VIH 1.0 1.5 v
trigger TTL VIL to VIH 04 0.8
IIN Input current, CMOS, TTL
Inputs VIN = VDD or VSS -10 +1 10 RA
Inputs with pulldown
resistors (5 V) VIN = VDD 35 115 222 HA
Inputs with pulldown .
resistors (3.3 V) VIN = VDD 35 -115 138 LA
TTL inputs and inputs with
pullup resistors (5 V) VIN = VSS -35 -115 -214 LA
TTL inputs and inputs with
pullup resistors (3.3 V) VIN = VSS -35 -115 -131 LA
1-22 LCA300K Gate Array Product DC Characteristics
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Table 1.8 (Cont)
DC Characteristics

Suyy EmiLLC

Symbol Parameter Condition Min Typ Max Unit
VOH Voltage output HIGH Commercial and Military
Type Bl IOH=-1mA 24 v
Type B2 IOH =-2 mA 24 v
Type B4 IOH=-4 mA 24 A%
Type B6 IOH=-6 mA 24 \Y
Type B8 IOH = -8 mA 24 v
Type B12? IOH =-12 mA 2.4 v
VOL Voltage output LOW Commercial and Military
Type B1 IOL =1 mA 0.2 04 v
Type B2 IOL =2 mA 0.2 0.4 AV
Type B4 IOL=4 mA 0.2 04 A"
Type B6 IOL= 6 mA 0.2 04 A%
Type B8 IOL= 8 mA 02 0.4 A%
Type B122 IOL = 12 mA 0.2 04 v
10Z 3-State output leakage VOH = VS8 or VDD -10 +1 10 HA
current
I0S Output short circuit VDD =525V, VO =VDD (37 90 140 mA
current VDD =525V, VO =VS8S |-117 -75 -40 mA
VDD =345V, VO =VDD |50 110 182 mA
VDD =345V, VO=VSS (-99 -60 -31 mA
1IDD Quiescent supply current | VIN = VDD or VSS User-Design Dependent
CIN Input capacitance Any Input and 25 pF
Bidirectional Buffers
COUT | Output capacitance Any Output Buffer* 2.0 pF

1. Military junction temperature range is -55 °C to +150 °C, £10% power supply (ceramic packages only); indus-
trial junction temperature range is -40 °C to +125 °C, +5% power supply; commercial junction temperature
range is 0°Cto +115°C, +5% power supply.

2. Requires two output pads.

3. Type B4 output. OQutput short circuit current for other outputs will scale.

4. Output using single buffer structure (excluding package).

1.16

When reading a data page, you need to understand:

How to Read a

Data Page

m the naming conventions that identify available options. Cell naming

conventions are explained at the introduction to each new group of
cells (for example, flip-flops or input buffers).

LCA300K Gate Array Product
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m the timing tables that contain information for each “version” of the cell

Versions are indicated by the suffix appended to the cell name. These
suffixes apply to available options. For example, the data page for an2
(see Figure 1.4) shows two versions: an2 and an2p. The p is the nam-
ing convention used to den())te the high output drive strength option.

Figure 1.4 shows the an2 data page. Circled numerals are keyed to the
explanations below:

1. The macrocell’s name and description are at the top of the page.
2. The coding syntax shows the following:
Instance name (output list) = cell name* (input list);

where * represents the available options and/or drive strengths with
the same coding syntax.

The logic symbol is shown.
The schematic is shown.

The truth table is shown.

o kW

The Loading Characteristics table, which gives input loading values in
standard loads for each version of the cell, is provided.

A standard load is a normalized unit of input capacitance, based on the
input capacitance of an inverter. One standard load equals 0.041 pF for
LCA300K.

7. The AC Characteristics table—which gives gate count, delay paths
output transition, propagation delays for various standard loads, and
slope and intercept values for each version of the cell—is provided.

“tpLH” is the propagation delay from low to high.

“tpHL” is the propagation delay from high to low.

To calculate propagation delays, use the equations:

tpLH = number of standard loads x slope value + incpt value

tpHL = number of standard loads x slope value + incpt value

For flip-flops and latches, a Timing Constraints table—which gives setup
time, hold time, and minimum clock pulse width—is provided.

1-24 LCA300K Gate Array Product How to Read a Data Page
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Figure 1.4
Data Page for an2, a
2-Input AND
an2
2-Input AND
Name: an2 @ Description:  2-Input AND
Coding Syntax: z=an2*(a,b) @
Logic Symbok: (3) Schematics: (4)
b
a —_—
D‘ Z
b
Truth Table: @
a b z
0 00
0 1 0
1 0] 0
1 1 1
Loading Characteristics:
Values stated in standard loads.
Version a b
an2 1.0 1.0
an2p 1.0 1.0
AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
an2 2 in_to_z tpLH 0.30 0.38 0.54 0.71 0.87
tpHL 0.24 0.29 0.37 0.45 0.53
an2p 2 in_to_z tpLH 0.29 0.32 041 0.49 0.57
tpHL 0.25 0.27 0.33 0.37 0.41
LCA300K Gate Array Product How to Read a Data Page 1-25
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Chapter 2

LCA300K Internal
Macrocells

This chapter contains data pages for gates, internal buffers, flip-flops, and
latches. These macrocells are used in LCA300K designs.

The Naming Conventions section at the beginning of each macrocell type
describes how to differentiate the different output drive strengths.

Flip-flops and latches also have buffered inputs and buffered outputs.

21 This section contains the data pages for LCA300K gates.
Gates
Naming A gates root name is given at the top of each data page. High output drive

Conventions

strength is indicated by the suffix p. Gate names with no suffix have a stan-
dard output drive strength.

For example:
an2p has high output drive strength.
an2 has standard output drive strength.

Note: For the coding syntax, an asterisk following the cell name (for
example, an2*) is a wildcard symbol for the p option, indicating that the
data page applies to both high output and standard drive strength
configurations.

LCA300K Internal Macrocells Gates 2-1
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ans
2-Input AND
Name: an2 Description:  2-Input AND
Coding Syntax: z=an2*(a,b)
Logic Symbol: Schematics:
b a

.
Y
S
I }——|—wa

a |
} z
b

]

Truth Table:
a b z
0O 0|0
0o 110
1 o010
1 1|1

Loading Characteristics:
Values stated in standard loads.

Version a b
an2 1.0 1.0
an2p 1.0 1.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
an2 2 in_to_z tpLH 0.30 0.38 0.54 0.71 0.87
tpHL 0.24 0.29 0.37 0.45 0.53
an2p 2 in_to_z tpLH 0.29 0.32 041 0.49 0.57
tpHL 0.25 0.27 0.33 0.37 0.41
22 LCA300K Internal Macrocells Gates
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an3
3-Input AND
Name: an3 Description:  3-Input AND
Coding Syntax: z=an3*(a,b,c)
Logic Symbol: Schematics:
c b a
9 9 |_‘f’
oL 4oL 4l o
a — 4z
= 0
" —
| —
‘ E
Truth Table:
a b c z
0O 0 00
0 0 1 0
0 1 0 0
0o 1 110
1 0O 0] 0
1 0 1|0
1 1 0 0
1 1 1 1
Loading Characteristics:
Values stated in standard loads.
Version a b c
an3 1.0 1.0 1.0
an3p 1.0 1.0 1.0
AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
an3 2 in_to_z tpLH 0.38 047 0.64 0.81 0.98
tpHL 0.28 0.33 0.42 0.50 0.58
an3p 3 in_to_z tpLH 0.38 0.43 0.52 0.60 0.69
tpHL 0.28 0.31 0.37 0.41 0.46
LCA300K Internal Macrocells Gates 2-3
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and
4-Input AND
Name: and Description:  4-Input AND
Coding Syntax: z=an4*(a,b,c,d)
Logic Symbol: Schematics:
d ¢ b a
9
hekgld b
L g & z
b Z HC N
i —
4{ =
|
1
Truth Table:
a b c d z
0 X X X 0
X 0 X X 0
X X 0 X 0
X X X 0 0
1 1 1 1 1

Loading Characteristics:
Values stated in standard loads.

Version a b c d
an4 1.0 1.0 1.0 1.0
andp 1.0 1.0 1.0 1.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
an4 3 in_to_z tpLH 0.49 0.59 0.76 0.94 1.11
tpHL 0.31 0.37 0.46 0.55 0.62
andp 3 in_to_z tpLH 0.49 0.55 0.65 0.74 0.82
tpHL 031 0.35 0.40 0.46 0.50

2-4 LCA300K Internal Macrocells Gates
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anb
5-Input AND
Name: an5 Description:  S5-Input AND
Coding Syntax: z=an5*(a,b,c,d,e)
Logic Symbol: Schematics:
a a
b b
[ [
=D c z
e — d
e
Truth Table:
a b ¢ d e | z
0 X X X X 0
X 0 x x X 0
X x 0 X X 0
x x x 0 x 0
X X X X 0] 0
1 1 1 1 1 0
Loading Characteristics:
Values stated in standard loads.
Version a b c d €
an5 1.0 1.0 1.0 1.0 1.0
ansp 1.0 1.0 1.0 1.0 1.0
AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
an$ 4 in_to_z tpLH 0.44 0.60 091 1.23 1.57
tpHL 0.27 0.31 0.40 0.48 0.56
an5p 5 in_to_z tpLH 0.41 0.49 0.65 0.80 0.96
tpHL 0.29 0.32 0.36 0.41 0.45
LCA300K Internal Macrocells Gates 2-5

10/93 © 1992, 1993 LS! Lagic Corp. Praprietary information




B 53044804 0014720 b1O MLLC
aol
2-AND into 3-NOR

Name: aol Description:  2-AND into 3-NOR
Coding Syntax: z=aol*(a,b,c,d)
Logic Symbol: Schematics:
d c b a
9
L
a o
b 3
c ; Tt 4l
.
d L T - - N Er z
1 |k
— I E
Truth Table:
a b ¢ d| z
1 1 X X 0
X X 1 X 0
X X X 1 0
X 0 0 0 1
0 x 0 0|1

Loading Characteristics:
Values stated in standard loads.

Version a b c d
aol 0.9 0.9 1.0 1.0
aolp 1.9 1.9 1.9 2.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path QOutput 2 4 8 12 16
aol 2 in_to_z tpLH 0.47 0.70 1.20 1.66 2.14
tpHL 0.20 0.25 0.36 0.46 0.56
aolp 4 in_to_z tpLH 0.36 0.47 0.72 0.95 1.20
tpHL 0.17 0.20 0.25 0.30 0.36
26 LCA300K Internal Macrocells Gates
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ao2
2 2-ANDs into 2-NOR

Name: ao2 Description: 2 2-ANDs into 2-NOR
Coding Syntax: z=a02*(a,b,c,d)
Logic Symbol: Schematics:

d cbh a

O

1

T

Ih_r_
Tl
NP

!I|—l_l—|_L4»—'_ L]

Truth Table:

a b ¢

19

R OO M -
[l e A
[ R
OO M
— e = OO N

Loading Characteristics:
Values stated in standard loads.

Version a b c d
202 1.0 1.0 1.0 1.0
ao2p 20 20 2.0 20

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path QOutput 2 4 8 12 16
ao2 2 in_to_z tpLH 0.38 0.53 0.87 1.18 1.52
tpHL 0.23 0.29 0.43 0.56 0.70
ao2p 4 in_to_z tpLH 0.30 0.38 0.54 0.70 0.87
tpHL 0.19 0.23 0.29 0.36 043

LCA300K Internal Macrocells Gates 2-7
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ao3
2-0R into 3-NAND

Name: ao3 Description:  2-OR into 3-NAND
Coding Syntax: z=a03*(a,b,c,d)
Logic Symbol: Schematics:

d 4]

Truth Table:
a b ¢c d| z
1 X 1 1 0
X 1 1 1 0
0 0 X X 1
X X 0 X 1
X X X 0 1

Loading Characteristics:
Values stated in standard loads.

Version a b ¢ d
ao3 1.0 1.0 1.0 1.0
ao3p 2.0 2.0 2.0 2.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 - 8 12 16
ao3 2 in_to_z tpLH 0.26 0.38 0.63 0.88 1.14
tpHL 0.28 0.37 0.55 0.74 0.94
ao3p 4 in_to_z tpLH 0.21 0.26 0.39 0.51 0.63
tpHL 0.23 0.28 0.37 0.46 0.54

2-8 LCA300K Internal Macrocells Gates
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ao
22-0Rs into 2-NAND

Name: ao4d Description: 2 2-ORs into 2-NAND
Coding Syntax: z=a04*(a,b,c,d)
Logic Symbol: Schematics:
dyc b a
o] o

a C ]
: §>L—DO_ Z bt ||t Hl
ol il C

Truth Table:
a b ¢ d]:z
0 X 1
X X 0 0 1
1 X 1 X 0
X 1 1 X 0
1 X X 1 0
X 1 X 1 0

Loading Characteristics:
Values stated in standard loads.

Version a b c d
aod 1.0 1.0 1.0 1.0
aodp 2.0 2.0 2.0 1.9

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Qutput 2 4 8 12 16
ao4 2 in_to_z tpLH 0.35 0.51 0.85 1.18 1.50
tpHL 0.25 0.31 0.45 0.57 0.72
aodp 4 in_to_z tpLH 0.27 0.35 0.51 0.67 0.84
tpHL 0.21 0.25 0.32 0.38 0.45

LCA300K Internal Macrocells
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Inverting 2-of-3 Majority

Name: ao5 Description:  Inverting 2-of-3 Majority
Coding Syntax: Zz=a05*(a,b,c)
Logic Symbol: Schematics:
c b a
B 9
a ‘ #-l| OI\]
+_ .
b = b el
[T
[+ | |
Felliy
— | I
L 1
Truth Table:
a b c z
1 1 X 0
1 X 1 0
X 1 1 0]
0 0 1
0 X 1
X 0 1

Loading Characteristics:
Values stated in standard loads.

Version a b c
203 1.9 1.9 1.0
aoSp 39 39 21

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
ao5 3 in_to_z tpLH 042 0.58 0.92 1.24 1.57
tpHL 0.29 0.36 0.49 0.63 0.77
ao5p 5 in_to_z tpLH 0.34 042 0.58 0.75 0.90
tpHL 0.25 0.29 0.36 0.42 0.49

2-10 LCA300K Internal Macrocells Gates
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ao

2-AND into 2-NOR

Name: ao6 Description:  2-AND into 2-NOR
Coding Syntax: z=a06%(a,b,c)
Logic Symbol: Schematics:
a b c
?
|0—0
a —
b _D_| o—o||:| »—o[
T l]—
i L
Truth Table:
a b c b4
X X 1 0
0 01
x 0 011
1 1 x |0

Loading Characteristics:
Values stated in standard loads.

Version a b c
206 1.0 1.0 1.0
aobp 2.0 2.0 2.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path QOutput 2 4 8 12 16
a06 2 in_to_z tpLH 0.31 0.46 0.79 1.12 1.46
tpHL 0.19 0.24 0.36 0.48 0.58
aobp 3 in_to_z tpLH 0.24 0.31 0.47 0.63 0.79
tpHL 0.16 0.19 0.24 0.30 0.36
LCA300K Internal Macrocells Gates 2-11
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2-0R into 2-NAND

Name: ao7 Description:  2-OR into 2-NAND
Coding Syntax: 7z=207*(a,b,c)
Logic Symbol: Schematics:

a b c

LI Lo

'II—L_J
f

|
Truth Table:
a b ¢ b4
X X 0 1
1 X 1 0
1 1 0
0 X 1

Loading Characteristics:
Values stated in standard loads.

Version a b c
ao7 1.0 1.0 1.0
ao7p 20 20 20

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
ao7 2 in_to_z tpLH 0.26 0.39 0.67 0.95 1.22
tpHL 0.21 0.28 0.41 0.54 0.67
ao7p 3 in_to_z tpLH 0.19 0.26 0.39 0.52 0.66
tpHL 0.18 0.21 0.28 0.34 0.41
2-12 LCA300K Internal Macrocells Gates
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aoll
3 2-ANDs into 3-NOR

Name: aoll Description: 3 2-ANDs into 3-NOR
Coding Syntax: z=aoll*(a,b,c,d,e,f)
Logic Symbol: Schematics:
a
il b ZDC*,
c C i _
d :D z d :D r4
e - e
. ) « D
Truth Table:
a b ¢ d e f |z
1 1 X X X X 0
X X 1 1 X X 0
X X X X 1 1 0
other states 1
Loading Characteristics:
Values stated in standard loads.
Version a b c d e f
aoll 1.0 1.0 1.0 1.0 1.0 1.0
aollp 1.0 1.0 1.0 1.0 1.0 1.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
aoll 5 in_to_z tpLH 0.48 0.57 0.74 091 1.08
tpHL 0.42 0.47 0.55 0.64 0.72
aollp 6 in_to_z tpLH 0.47 053 0.61 0.70 0.79
tpHL 0.42 045 0.51 0.55 0.60

LCA300K Internal Macrocells Gates 2-13
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4 2-0Rs into 4-NAND

Name: aol2 Description: 4 2-ORs into 4-NAND
Coding Syntax: z=aol2*(a,b,cd,e.f,g,h)
Logic Symbol: Schematics:
a a
b QD— b @3 L
c c
Lo = >
. | Z . > Z
f 2o f é)jo__
9 ) D g @ )
h h
Truth Table:
a b c d e f g h F4
0 0 X X X X X 1
X X 0 0 X X X X 1
X X X X 0 0 X 1
X X X X X X 0 0 1
other states 0

Loading Characteristics:
Values stated in standard loads.

Version a b ¢ d e f g h
aol2 1.0 1.0 10 1.0 1.0 1.0 1.0 1.0
aol2p 1.0 1.0 10 1.0 1.0 10 1.0 1.0

AC Characteristics:

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path QOutput 2 4 8 12 16
ao0l2 6 in_to_z tpLH 0.54 0.62 0.78 0.95 1.13
tpHL 0.54 0.58 0.68 0.76 0.85
aol2p 6 in_to_z tpLH 0.53 0.57 0.65 0.73 0.81
tpHL 0.56 0.59 0.66 0.72 0.75
2-14 LCA300K Internal Macrocells Gates
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d24i

2-to-4 Decoder

Name: d241 Description:  2-to-4 Decoder
Coding Syntax: u(z0,z1,22,23)=d241*(a,b)
Logic Symbol: Schematics:
a b
q 4
20 00— ; / ; /
— a
21 Oo—
2 P— »—DO' @
—b Jo—
3 P— 2
o— 23
Truth Table:
a b |20 2 2 23
0 oo 1 1 1
1 o1 o0 1 1
0 1|1 1 o0 1
1 1|1 1 1 0
Loading Characteristics:
Values stated in standard loads.
Version a b
d24t 28 3.0
d241p 4.5 5.0
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2-to-4 Decoder

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Qutput 2 4 8 12 16
d241 5 a_to_z0 tpLH 0.52 0.61 0.77 095 1.13

tpHL 0.57 0.64 0.77 0.91 1.05
b_to_z0 tpLH 0.57 0.65 0.81 0.99 1.18
tpHL 0.55 0.62 0.75 0.89 1.03
a_to_zl tpLH 0.70 0.78 0.94 1.11 1.30
tpHL 0.99 1.06 1.20 1.34 1.47
b_to_z1 tpLH 0.53 0.61 0.77 0.94 1.13
tpHL 0.57 0.64 0.78 0.92 1.05
a_to_z2 tpLH 0.51 0.60 0.77 0.94 1.14
tpHL 0.54 0.62 0.76 0.90 1.04
b_to_z2 tpLH 0.60 0.69 0.86 1.03 1.23
tpHL 0.71 0.79 0.93 1.07 121
a_to_z3 tpLH 0.50 0.64 0.88 1.09 129
tpHL 0.59 0.73 095 1.15 1.32
b_to_z3 tpLH 0.39 0.53 0.77 0.99 1.19
tpHL 0.41 0.54 0.77 0.96 1.14
d241p 9 a_to_z0 tpLH 0.61 0.65 0.74 0.82 0.91
tpHL 0.66 0.70 0.78 0.84 091
b_to_z0 tpLH 0.67 0.72 0.80 0.88 0.97
tpHL 0.66 0.70 0.77 0.84 0.91
a_to_zl tpLH 0.36 0.40 0.57 0.71 0.84
tpHL 0.67 0.72 0.80 0.87 0.94
b_to_zl tpLH 0.64 0.68 0.85 0.99 1.13
tpHL 0.67 0.72 0.80 0.87 0.94
a_to_z2 tpLH 0.60 0.64 0.73 0.82 0.90
tpHL 0.64 0.68 0.77 0.84 091
b_to_z2 tpLH 0.56 0.61 0.70 0.78 0.87
tpHL 0.54 0.58 0.67 0.74 0.81
a_to_z3 tpLH 0.40 0.47 0.61 0.73 0.84
tpHL 0.44 0.52 0.65 0.77 0.88
b_to_z3 tpLH 0.32 0.39 0.53 0.66 0.77
tpHL 033 0.41 0.54 0.66 0.77
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en
2-Input Exclusive NOR

Name: en Description:  2-Input Exclusive NOR
Coding Syntax: z=en*(a,b)
Logic Symbot: Schematics:
s

o —D> t H
L ) 1
b

>

h —0—{>o———o—_|_
Truth Table:
a b z
0 0|1
0 1|0
I 0|0
1 1|1

Loading Characteristics:
Values stated in standard loads.

Version a b
en 1.1 2.0
enp 1.1 20

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
en 3 a_to z tpLH 0.47 0.56 0.73 0.89 1.08

tpHL 0.45 0.52 0.61 0.70 0.79
b_to_z tpLH 0.27 0.35 0.51 0.68 0.87
tpHL 0.25 0.31 0.40 0.49 0.57
enp 4 a_to_z tpLH 0.46 0.51 0.59 0.67 0.76
tpHL 0.45 0.49 0.56 0.61 0.67
b_to_z tpLH 0.26 0.30 0.39 046 0.55
tpHL 0.26 0.29 0.35 0.40 046

LCA300K Internal Macrocells Gates 2-17
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3-Input Exclusive NOR

Name: en3 Description:  3-Input Exclusive NOR
Coding Syntax: z=en3*(a,b,c)
Logic Symbol: Schematics:

a0 y{>o

T%@:%TWEQM .

f

oo

=)

U0

o

Truth Table:
a b

e e e = T = T <= B o
—_ O e O = O = OO
S = = O = O O =N

—_—em DD = = DD

Loading Characteristics:
Values stated in standard loads.

Version a b ¢
en3 1.1 2.3 1.3
en3p 1.1 23 1.3
2-18 LCA300K Internal Macrocells Gates
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en3

3-Input Exclusive NOR

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
en3 6 a_to_z tpLH 0.78 0.87 1.04 1.21 1.39

tpHL 0.81 0.88 0.99 1.1 1.19
b_to_z tpLH 0.46 0.55 0.72 0.89 1.07
tpHL 0.49 0.56 0.67 0.79 0.88
c to_z tpLH 0.35 0.44 0.61 0.78 0.96
tpHL 0.38 0.45 0.56 0.68 0.76
en3p 6 a_to_z tpLH 0.76 0.81 0.91 1.00 1.08
tpHL 0.82 0.87 0.95 1.01 1.07
b_to_z tpLH 0.44 0.50 0.59 0.68 0.76
tpHL 0.50 0.55 0.63 0.69 0.75
c_to_z tpLH 0.33 0.38 047 0.56 0.65
tpHL 0.39 043 0.51 0.58 0.64
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eo

2-Input Exclusive OR

Name: eo Description:  2-Input Exclusive OR
Coding Syntax: z=e0*(a,b)
Logic Symbol: Schematics:
s
a
, >
) o—- 1 :
b S
b__o T
Truth Table:
a b

= ]
—_ 0 = O
S = o= O N

Loading Characteristics:
Values stated in standard loads.

Version a b
eo 1.1 2.0
eop 1.1 2.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
€o 3 a_to_z tpLH 0.47 0.56 0.73 0.90 1.08

tpHL 0.46 0.52 0.62 0.71 0.79
b_to_z tpLH 0.27 0.35 0.51 0.68 0.86
tpHL 0.25 0.30 0.40 0.49 0.57
eop 4 a_to_z tpLH 0.46 0.51 0.59 0.68 0.76
tpHL 0.45 0.50 0.56 0.62 0.67
b_to_z tpLH 0.26 0.30 0.38 0.46 0.55
tpHL 0.25 0.29 0.35 0.40 0.45
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eo
2-AND, 2-NOR into 2-NOR

Name: eol Description: 2-AND, 2-NOR into 2-NOR
Coding Syntax: z=eol*(a,b,c,d)
Logic Symbol: Schematics:

d ¢ b a

AL iC

a—oI
b— 2 19 bkﬂ .fqi
c Z
d:DO

H b b =

—

Truth Table:
a b ¢ d| z
1 1 X X 0
0 X 1 X 1
0 X X 1 1
X 0 1 X 1
X 0 1 1
X X 0 0 0

Loading Characteristics:
Values stated in standard loads.

Version a b c d
eol 1.0 1.0 1.0 1.0
eolp 1.9 1.9 1.0 1.0
LCA300K Internal Macrocells Gates 2-21
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eol
2-AND, 2-NOR into 2-NOR

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Qutput 2 4 8 12 16
eol 3 c_to_z tpLH 0.54 0.69 1.02 1.34 1.66

tpHL 038 0.44 053 0.63 0.73
d_to_z tpLH 0.53 0.68 1.00 1.33 1.65
tpHL 0.34 0.39 0.49 0.58 0.68
a_to_z tpLH 0.35 0.50 0.83 1.15 147
tpHL 0.23 0.29 0.42 0.56 0.70
b_to_z tpLH 0.27 042 0.75 1.08 1.40
tpHL 0.20 0.27 0.40 0.53 0.67
eolp 4 c_to_z tpLH 0.49 0.56 0.72 0.88 1.05
tpHL 043 0.46 0.52 0.57 0.62
d_to_z tpLH 0.48 0.55 0.71 0.87 1.04
tpHL 0.39 042 0.47 0.53 0.58
a_to_z tpLH 0.27 0.35 0.50 0.66 0.83
tpHL 0.20 0.23 0.29 0.36 0.42
b_to_z tpLH 0.20 0.27 042 0.58 0.75
tpHL 0.17 0.20 0.27 0.33 0.40
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3-Input Exclusive OR

Name: eo3 Description:  3-Input Exclusive OR
Coding Syntax: z=e03*(a,b,c)
Logic Symbol: Schematics:
[
oo o
3
Y 3z
ZﬁD = z
Z
c — Eﬁ
1
—Dj -
— 5
c [. {>0——
Truth Table:
a b c z
0 0 0] o0
0 0 111
0 1 01
0 1 1|0
1 0 0|1
1 0 110
1 1 o010
1 1 11
Loading Characteristics:
Values stated in standard loads.
Version a b c
eo3 1.1 2.3 2.1
eo3p 1.1 2.3 2.1
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eo3
3-Input Exclusive OR

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
eo3 6 a_to_z tpLH 0.78 0.87 1.06 1.21 1.39

tpHL 0.75 0.82 0.94 1.05 1.15
b_to_z tpLH 0.47 0.56 0.73 0.90 1.08
tpHL 0.44 0.50 0.61 0.74 0.84
c_to z tpLH 0.31 0.39 0.56 0.74 0.92
tpHL 0.28 0.34 0.44 0.58 0.68
eo3p 6 a_to z tpLH 0.77 0.82 0.92 1.01 1.08
tpHL 0.75 0.79 0.86 0.94 1.00
b_to_z tpLH 045 0.51 0.60 0.68 0.77
tpHL 0.44 0.48 0.55 0.61 0.69
c_to_z tpLH 0.29 0.34 0.44 0.52 0.61
tpHL 0.27 0.32 0.38 0.45 0.52
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eonl
2-0R, 2-NAND into 2-NAND

Name: eonl Description:  2-OR, 2-NAND into 2-NAND
Coding Syntax: z=eonl*(a,b,c,d)
Logic Symbol: Schematics:

d ¢ b a

|
T
e
PEY
L,

H o4
ST
L L
Truth Table:
a b ¢ d z
X X 1 1
1 X 0 X 0
X 1 0 X 0
1 X X 0 0
X 0 0
0 X X 1
Loading Characteristics:
Values stated in standard loads.
Version a b ¢ d
eonl 1.0 1.0 1.0 1.0
eonlp 2.0 20 1.1 1.1
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eont B 5304404 00l47u0 409 EELLC
2-0R, 2-NAND into 2-NAND

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path QOutput 2 4 8 12 16
eonl 3 d_to_z tpLH 0.37 0.44 0.57 0.71 0.87

tpHL 0.34 0.41 0.54 0.67 0.82
c_to_z tpLH 0.39 0.46 0.60 0.74 0.90
tpHL 0.38 0.44 0.57 0.71 0.85
b_to_z tpLH 0.31 0.46 0.78 1.12 1.44
tpHL 0.20 0.27 0.40 0.53 0.67
a_to_z tpLH 0.26 0.41 0.74 1.07 1.39
tpHL 0.19 0.25 0.38 0.52 0.66
eonlp 4 d_to_z tpLH 0.38 041 0.48 055 0.62
tpHL. 0.35 0.39 045 0.52 0.58
c_to_z tpLH 0.40 0.44 0.51 0.58 0.65
tpHL 0.39 042 0.49 0.55 0.62
b_to_z tpLH 0.23 0.31 0.46 0.62 0.79
tpHL 0.17 0.20 0.27 0.33 0.40
a_to_z tpLH 0.19 0.26 0.41 0.57 0.74
tpHL 0.16 0.19 0.25 0.32 0.38
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fala
Full Adder
Name: fala Description:  Full Adder
Coding Syntax: u(s,co)=fala*(ci,a,b)
Logic Symbol: Schematics:
5
a —[>o—o—[>o—h+:+— 1
e D
R <
ci s E_ s
bt T o ]
a o
— b co [ 'S
ci >0
=
}_ [H)]
LT
Truth Table:
i a b s co
0 0 0 0 0
1 0 0 1 0
0 1 0 1 0
0 0 1 1 0
1 1 0 0 1
1 0 1 0 1
0 1 1 0 1
1 1 1 1 1
Loading Characteristics:
Values stated in standard loads.
Version ci a b
fala 1.3 1.1 1.3
falap 13 1.1 1.3
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Full Adder

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fala 8 a_to_s tpLH 1.12 1.21 1.37 1.54 1.72

tpHL 1.15 1.21 1.32 1.41 1.49
b_to_s tpLH 1.19 1.27 143 1.60 1.79
tpHL 1.21 1.27 1.38 1.47 1.56
ci_to_s tpLH 0.80 0.88 1.05 1.22 1.40
tpHL 0.83 0.89 0.99 1.08 1.17
a_to_co tpLH 1.20 1.28 1.44 1.62 1.80
tpHL 1.13 1.19 1.29 1.38 1.47
b_to_co tpLH 0.75 0.83 0.99 1.17 1.35
tpHL 1.08 1.14 1.24 1.33 1.42
ci_to_co tpLH 0.77 0.85 1.01 1.19 1.37
tpHL 0.76 0.82 0.92 1.01 1.10
falap 8 a_to_s tpLH 1.12 1.16 1.24 1.33 1.41
tpHL 1.16 1.20 1.27 1.32 1.38
b_to_s tpLH 123 1.28 1.36 1.44 1.53
tpHL 1.28 1.32 1.38 1.44 1.49
ci_to_s tpLH 0.86 091 0.99 1.07 1.16
tpHL 091 0.95 1.01 1.07 1.12
a_to_co tpLH 122 1.26 1.35 143 1.51
tpHL 1.14 1.18 1.24 1.30 1.35
b_to_co tpLH 0.78 0.83 0.91 0.99 1.08
tpHL 1.09 1.13 1.19 125 1.30
ci_to_co tpL.H 0.79 0.84 0.92 1.01 1.09
tpHL 0.78 0.81 0.88 0.94 0.99
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hat
Half Adder
Name: hal Description.  Half Adder
Coding Syntax: u(s,co)=hal*(a,b)
Logic Symbol: Schematics:
] | -3
a s a —e—{ >0 >0
-
2 s
—1b co — b DO*D——'_
B — S R
Truth Table:
a b s co
0O 0|0 0O
1 1 1 0
1 0 1 0
1 1 0 1
Loading Characteristics:
Values stated in standard loads.
Version a b
hal 2.0 23
halp 20 23
AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
hal 5 a_to_s tpLH 0.74 0.82 0.98 1.15 1.33
tpHL 0.73 0.79 0.89 0.98 1.07
b_to_s tpLH 0.57 0.64 0.81 0.97 1.16
tpHL 0.56 0.62 0.72 0.81 0.89
a_to_co tpLH 0.58 0.66 0.83 1.01 1.19
tpHL 0.50 0.56 0.66 0.75 0.84
b_to_co tpLH 0.55 0.64 0.81 0.99 1.17
tpHL 0.50 0.56 0.66 0.75 0.84
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Half Adder

AC Characteristics: (Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
halp 6 a_to_s tpLH 0.73 0.77 0.86 0.94 1.02

tpHL 0.75 0.79 0.85 0.90 0.95
b_to_s tpLH 0.56 0.60 0.69 0.77 0.85
tpHL 0.58 0.62 0.68 0.73 0.78
a_to_co tpLH 0.61 0.66 0.74 0.83 0.92
tpHL 0.54 0.58 0.64 0.70 0.74
b_to_co tpLH 0.61 0.66 0.74 0.83 0.91
tpHL 0.56 0.59 0.66 0.71 0.76
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mux2th
Non-Inverting Gate MUX

Name: mux21h Description:  Non-Inverting Gate MUX
Coding Syntax: z=mux21h*(a,b,s)
Logic Symbol: Schematics:
—a a {>c -
L —
b {>° I>O_ z
—_Q
S

Truth Table:
s a b z
0 0 x]|0
0 1 1
1 X 0 0
1 X 1 1

Loading Characteristics:
Values stated in standard loads.

Version a b s
mux2lh 1.1 1.1 1.3
mux2lhp 1.1 1.1 1.3

AC Characteristics:
VDD=3 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path QOutput 2 4 8 12 16
mux21h 4 a_to_z tpLH 0.30 0.35 0.43 0.51 0.59

tpHL 0.40 0.46 0.56 0.64 0.73
b_to_z tpLH 0.30 0.34 043 0.51 0.59
tpHL 041 0.46 0.56 0.65 0.73
s_to_z tpLH 0.28 0.33 0.41 0.49 0.57
tpHL 0.40 0.45 0.55 0.63 0.72
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mux21i

Non-Inverting Gate MUX

AC Characteristics: (Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16

mux21lhp 5 ato z tpLH 0.32 035 0.40 0.44 0.48
tpHL 0.45 0.48 0.55 0.60 0.66

b_to_z tpLH 0.31 0.34 0.39 0.44 0.48

tpHL 0.45 0.49 0.55 0.61 0.66

s_to_z tpLH 0.29 0.32 0.37 0.41 0.46

tpHL 047 0.51 0.56 0.61 0.66
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mux21l
Inverting Gate MUX
Name: mux21l Description:  Inverting Gate MUX
Coding Syntax: z=mux211*(a,b,s)
Logic Symbol: Schematics:
—, a *—
z O— -
— > [>o—
R b O
s b '
. |
Truth Table:
s a b | z
0 0 «x 1
0 1 x [0
1 X 0 1
1 X 1 0
Loading Characteristics:
Values stated in standard loads.
Version a b s
mux211 38 3.8 2.0
mux21lp 52 52 2.1
AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
mux211 4 a_to_z tpLH 0.16 0.19 0.27 0.35 0.43
tpHL 0.19 0.23 0.32 0.40 0.48
b_to_z tpLH 0.15 0.19 0.27 0.35 0.43
tpHL 0.19 0.24 0.33 0.40 0.48
s_to_z tpLH 0.19 0.23 0.30 0.38 0.46
tpHL 0.25 0.29 0.38 045 0.54
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mux21l
Inverting Gate MUX

AC Characteristics: (Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Qutput 2 4 8 12 16
mux21lp 5 a_to_z tpLH 0.16 0.18 0.22 0.26 0.30

tpHL 0.20 0.22 0.27 0.32 0.36
b_to_z tpLH 0.15 0.17 0.22 0.26 0.30
tpHL 0.20 0.23 0.28 0.33 0.37
s_to_z tpLH 0.21 0.23 0.28 0.31 0.35
tpHL 0.28 0.31 0.36 0.40 044
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mux24p

4-Bit 2-to-1 MUX, Non-Inverting

Name: mux24p Description:  4-Bit 2-to-1 MUX, Non-Inverting
Coding Syntax: u(z0,z1,22,23)=mux24p(d00,d10,d01,d11,d02,d12,d03,d13,s)
Logic Symbol: Schematics:
d00 —
410 ———1p ’ 20
—1 doo "
— 1 ——a
I — dn ——b d
—1 d02 i
d02 ——
— d12 — 22 d12 1f 2 22
— d03 3 S
— d13 T .
-1 8
d03 —
413 ——p 3
S
S
Truth Table:

s z0 zl 2 3
0 do0 dot  do2 do3
1 d10 di1  di1z di3

Loading Characteristics:
Values stated in standard loads.
Version doo d10 do1 dil do2 d12 do3 di3 s

mux24p 1.1 1.1 1.1 1.1 1.1 1.1 1.1 11 2.0

AC Characteristics:
VDD=5 V, Ambient Temperature=23 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path QOutput 2 4 8 12 16
mux24p 14 dtoany z tpLH 0.71 0.76 0.84 0.92 1.01

tpHL 0.68 0.72 0.79 0.84 0.89
stoany z tpLH 0.75 0.80 0.88 0.96 1.05
tpHL 0.73 0.77 0.83 0.89 0.94
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mux31i

3-Bit Inverting MUX

Name: mux311 Description:  3-Bit Inverting MUX
Coding Syntax: z=mux311*(d0,d1,d2,a,b)
Logic Symbol: Schematics:
d2
b Do—
d1 —| L
—a L D
d0 —
— df — = l]|° [I
—(d2 $ 7
-t a EP 45
Truth Table:
a b z
0 0 |d0
1 0 (dl
X 1 | d@2
Loading Characteristics:
Values stated in standard loads.
Version do di a2 a ]
mux311 32 32 1.0 2.0 20
mux311p 4.1 4.1 2.0 2.1 3.0
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mux31|

3-Bit Inverting MUX

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (ineasured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
mux311 4 d0_to_z tpLH 0.46 0.62 0.95 1.26 1.58
tpHL 0.29 0.36 0.49 0.63 0.77
dl_to_z tpLH 0.46 0.62 0.95 1.26 1.58

tpHL 0.29 0.36 049 0.63 0.77
d2_to_z tpLH 0.36 0.51 0.84 1.17 1.49
tpHL 0.25 0.32 0.45 0.59 0.73
a_to_z tpLH 0.52 0.67 0.99 1.32 1.64
tpHL 0.31 0.38 0.66 0.82 1.09
b_to_z tpLH 047 0.63 0.95 1.28 1.59
tpHL 0.26 0.33 0.62 0.78 1.05
mux31lp 6 d0_to_z tpLH 0.34 041 0.57 0.73 0.90
tpHL 0.24 0.28 0.35 0.41 0.48
dl_to_z tpLH 0.34 041 0.57 0.73 0.90
tpHL 0.24 0.28 0.35 0.41 0.48
d2_to_z tpLH 0.23 0.30 0.46 0.61 0.78
tpHL 0.18 0.21 0.28 0.35 0.41
a_to_z tpLH 0.41 048 0.64 0.80 0.96
tpHL 0.27 0.32 0.39 0.56 0.67
b_to_z tpLH 0.32 0.39 0.54 0.70 0.87
tpHL 0.19 0.22 0.29 0.46 0.57
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mux41
4-Bit Non-Inverting MUX

Name: mux41 Description:  4-Bit Non-Inverting MUX
Coding Syntax: z=mux41%*(d0,d1,d2,d3,a,b)
Logic Symbol: Schematics:
A
do
—1 do = <
d1 i H—Do—
—1 d1 o 5 5 ,
| d2 d2
— d3 —3 I
t ; X
I
g o [
Truth Table:
a b P4
0 0 ]do
1 0 |dl
0 1 |d2
1 1 |d3

Loading Characteristics:
Values stated in standard loads.

Version do dl a2 d3 a b
mux41 33 33 33 33 2.3 2.1
mux41p 33 33 33 33 2.3 2.1
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4-Bit Non-Inverting MUX

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
mux41 6 Anydtoz tpLH 0.40 0.48 0.64 0.81 0.99
tpHL 0.38 0.44 0.54 0.63 0.72
a-z tpLH 0.52 0.61 0.77 0.94 1.12
tpHL 0.50 0.56 0.65 0.74 0.83
b-z tpLH 0.28 0.36 0.52 0.69 0.87
tpHL 0.26 0.31 041 0.49 0.58
mux41p 7 Any dtoz tpLH 0.39 043 0.52 0.60 0.68
tpHL 0.40 043 0.50 0.55 0.60
a-z tpLH 0.51 0.56 0.64 0.73 0.81
tpHL 0.51 0.35 0.61 0.67 0.71
b-z tpLH 0.27 0.32 040 048 0.56
tpHL 0.27 0.30 0.37 042 047
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mux51h

Non-Inverting 5-to-1 MUX

Name: mux51h Description:  Non-Inverting 5-to-1 MUX
Coding Syntax: z=mux51h*(d0,d1,d2,d3,d4,a,b,c)
Logic Symbol: Schematics:
o —{>o
S| d1 >0
1 p

T d2 z
— 1 d3

4
1
_Tr
e 5 ?}m d4
a ’ c " S5
->o—

[;]%Ejoi
iEg|ol| I A
i

4

Truth Table:
a b ¢ b4
0 0 0 | do
1 0 0 | dil
0 1 0 | d2
1 1 0 | d3
X X 1 d4

Loading Characteristics:
Values stated in standard loads.

Version do dl d2 d3 d4 a b c
mux51h 1.1 1.1 1.1 1.1 1.1 1.1 1.3 20
muxS5lhp 1.1 1.1 1.1 1.1 1.1 1.1 1.3 2.0
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Nen-Inverting 5-to-1 MUX

AC Characteristics:

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Quitput 2 4 8 12 16
mux51h 11 d0_to_z tpLH 0.79 0.87 1.04 1.21 1.39

tpHL 0.78 0.84 0.94 1.03 1.12
dl_to_z tpLH 0.79 0.87 1.04 1.21 1.39
tpHL 0.78 0.84 0.94 1.03 1.12
d2 to_z tpLH 0.79 0.87 1.04 1.21 1.39
tpHL 0.78 0.84 0.94 1.03 1.12
d3_to_z tpLH 0.79 0.87 1.04 1.21 1.39
tpHL 0.78 0.84 0.94 1.03 1.12
d4_to_z tpLH 0.35 0.43 0.59 0.76 0.94
tpHL 0.34 0.39 0.49 0.59 0.67
a_to_z tpLH 0.96 1.04 1.21 1.37 1.55
tpHL 0.92 0.98 1.08 1.17 1.25
b_to_z tpLH 0.57 0.66 0.82 0.98 1.16
tpHL 0.53 0.59 0.69 0.78 0.87
c_to_z tpLH 0.30 0.38 0.53 0.70 0.88
tpHL 0.26 031 041 0.49 0.58
mux51hp 11 d0_to_z tpLH 0.78 0.83 0.91 0.99 1.07
tpHL 0.78 0.81 0.88 0.94 0.99
dl_to_z tpLH 0.78 0.83 0.91 0.99 1.07
tpHL 0.78 0.81 0.88 0.94 0.99
d2_to_z tpLH 0.78 0.83 0.91 0.99 1.07
tpHL 0.78 0.81 0.88 0.94 0.99
d3_to_z tpLH 0.78 0.83 091 0.99 1.07
tpHL 0.78 0.81 0.88 0.94 0.99
d4_to_z tpLH 0.32 0.36 0.45 0.53 0.61
tpHL 0.34 0.37 0.44 0.49 0.55

a_to_z tpLH 0.94 0.99 1.07 1.15 1.23
tpHL 091 0.95 1.02 1.08 1.12
b_to_z tpLH 0.55 0.60 0.68 0.77 0.85

tpHL 0.53 0.57 0.63 0.69 0.74
c_to z tpLH 0.28 0.33 0.41 0.48 0.56
tpHL 0.26 0.29 0.35 0.41 0.46
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mux81
8-Bit Non-Inverting MUX

Name: mux81 Description:  8-Bit Non-Inverting MUX
Coding Syntax: z=mux81%*(d0,d1,d2,d3,d4,d5,d6,d7,a,b,c)
Logic Symbol: Schematics:
T2
do
3| =
d1
+3 2 =
— do0 d2 ]
— d 3
1 d2 d3
- d3 Q{ *- Fd
| d4 z [ d4
—1db E Y e
| d6 d5 e 3
7 =3 ==
abec d6 ]
BR 5 | IF
d7
a ot oI —
Db
c >0
Truth Table:
a b ¢ z
0 0 o0 |do
1 0 0 | dl
0 1 0 | d2
1 1 0 |d
0 0 1 | d4
I 0 1 |ds
0 1 1 |d6
1 1 1 |d7
Loading Characteristics:
Values stated in standard loads.
Version do dl a2 a3 a4 ds dé a7 a b c
mux§81 33 33 33 33 33 33 33 33 1.1 2.6 2.1

mux81p 33 33 33 3.3 33 33 33 3.3 1.1 26 21
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mux81

8-Bit Non-Inverting MUX

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Qutput 2 4 8 12 16
mux81 15 dto any z tpLH 0.54 0.63 0.80 0.97 1.15

tpHL 0.53 0.60 0.72 0.83 0.93
a_to_z tpLH 0.90 0.99 1.17 1.35 1.51
tpHL 0.80 0.88 1.00 1.11 1.20
b_to_z tpLH 0.51 0.60 0.78 0.96 1.12

tpHL 042 0.49 0.61 0.72 0.81

c_to_z tpLH 0.37 0.45 0.62 0.79 0.94

tpHL 0.28 0.34 0.45 0.54 0.64

mux81p 15 dto any z tpLH 0.53 0.58 0.67 0.76 0.84

tpHL 0.52 0.57 0.65 0.72 0.78
a_to_z tpLH 0.95 1.00 1.05 1.14 1.23
tpHL 0.80 0.84 0.93 0.99 1.06
b_to_z tpLH 0.57 0.61 0.66 0.75 0.84
tpHL 0.41 0.45 0.54 0.61 0.67
c_to_z tpLH 0.44 0.48 0.51 0.60 0.6%
tpHL 0.28 0.32 0.39 045 0.51
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2-Input NAND

Name: nd2 Description:  2-Input NAND
Coding Syntax: z=nd2*(a,b)
Logic Symbol: Schematics:
b a
) g
b — z
——
Truth Table:
a b 4
0 01
0 11
1 01
1 10

Loading Characteristics:
Values stated in standard loads.

Version a b
nd2 1.0 1.0
nd2p 2.0 2.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
nd2 1 in_to_z tpLH 0.17 0.24 0.41 0.57 0.74
tpHL 0.18 0.25 0.37 0.51 0.65
nd2p 2 in_to_z tpLH 0.13 0.17 0.24 0.33 041
tpHL 0.15 0.18 0.25 0.31 0.38
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3-Input NAND

Name: nd3 Description:  3-Input NAND
Coding Syntax: z=nd3*(a,b,c)
Logic Symbol: Schematics:

c b a

Truth Table:
a b

—— D e = OO

_ === OO o O
—_— O e O = D o= O®
O e e e e e e [ 89

Loading Characteristics:
Values stated in standard loads.

Version a b ¢
nd3 1.0 1.0 1.0
nd3p 2.0 20 20

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
nd3 2 in_to_z tpLH 0.19 0.27 0.43 0.61 0.78
tpHL 0.24 0.33 0.51 0.70 0.88
nd3p 3 in_to_z tpLH 0.15 0.19 0.27 0.35 0.43
tpHL 0.19 0.24 033 0.42 0.50
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n

4-Input NAND

Name: nd4 Description:  4-Input NAND
Coding Syntax: z=nd4*(a,b,c,d)
Logic Symbol: Schematics:

Truth Table:

a

Lol S T e R -
—_ O R M MR

—_ M MW M O
_ M O M M e
O = e e e N

Loading Characteristics:

Values stated in standard loads,
Version a b c d
nd4 1.0 1.0 1.0 1.0
nd4p 2.0 2.0 2.0 2.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
nd4 2 in_to_z tpLH 0.21 0.29 0.46 0.63 0.79
tpHL 0.30 0.42 0.66 091 1.16
nd4p 4 in_to_z tpLH 0.17 0.21 0.29 0.38 0.46
’ tpHL 0.25 0.30 0.42 0.53 0.65
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nd5
5-Input NAND
Name: nd5 Description:  5-Input NAND
Coding Syntax: z=nd5*(a,b,c,d,e)
Logic Symbol: Schematics:
a —_—
a ]
b | 2 ]
i = = z
d |
e o
e —
Truth Table:
a b c d e z
0 X X X X 1
X 0 X X X 1
X X 0 X X 1
X X X 0 X 1
X X X X 0 1
1 1 1 1 1 0
Loading Characteristics:
Values stated in standard loads.
Version a b ¢ d e
nd5 1.0 1.0 1.0 1.0 1.0
nd5p 1.0 1.0 1.0 1.0 1.0
AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
nd5 4 in_to_z tpLH 037 0.46 0.62 0.79 0.96
tpHL 0.49 0.54 0.64 0.72 0.81
ndSp 5 in_to_z tpLH 0.36 0.40 048 0.56 0.64
tpHL 0.52 0.55 0.61 0.67 0.71
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nd6
6-Input NAND
Name: nd6 Description:  6-Input NAND
Coding Syntax: z=nd6*(a,b,c,d,e.f)
Logic Symbol: Schematics:
e =
b T ‘ D%
; :} z d _3}13_ z
e __ e |
f f
Truth Table:
a b c d e f | z
0 X X X X X 1
X 0 X X X X 1
X X 0 X X X 1
X X X 0 X X 1
X X X X 0 X 1
X X X X X 0 1
1 1 1 1 1 1 0
Loading Characteristics:
Values stated in standard loads.
Version a b ¢ d e f
nd6 1.0 1.0 1.0 1.0 1.0 1.0
nd6p 1.0 1.0 1.0 1.0 1.0 1.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
nd6 5 in_to_z tpLH 0.40 0.48 0.64 0.81 0.97
tpHL 0.52 0.57 0.67 0.75 0.84
nd6p 5 in_to_z tpLH 0.38 042 0.49 0.58 0.66
tpHL 0.55 0.58 0.65 0.70 0.75
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nd8
8-input NAND
Name: nd8 Description:  8-Input NAND
Coding Syntax: z=nd8*(a,b,c,d,e.f,g,h)
Logic Symbol: Schematics:
a — a__|
b — b —
== i Dl
e z e | W z
o f —
¢ = =
Truth Table:
a b ¢c d e f g h|z
0 X X X X X X X 1
X 0 X X X X X X 1
X X 0 X X X X X 1
X X X 0 X X X X 1
X X X X 0 X X X 1
X X X X X 0 X X 1
X X X X X X 0 X 1
X X X X X X X 0 1
1 1 1 1 1 1 1 1 0
Loading Characteristics:
Values stated in standard loads.
Version a b ¢ d e f g h
nd8 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
nd8p 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Qutput 2 4 8 12 16
nd8 6 in_to_z tpLH 041 0.50 0.66 0.83 1.00
tpHL 0.58 0.64 0.74 0.82 0.90
nd8p 6 in_to_z tpLH 0.40 045 0.52 0.61 0.69
tpHL 0.63 0.66 0.72 0.78 0.82
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2-Input NOR
Name: nr2 Description:  2-Input NOR
Coding Syntax: z=nr2*(a,b)
Logic Symbol: Schematics:
b a
1
a =l
b — 1>—o||__
N + z
HL YL
1L

Truth Table:

a

= I =]
— o = O %
o o o — N

Loading Characteristics:
Values stated in standard loads.

Version a b
nr2 1.0 1.0
nr2p 2.0 20

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
nr2 1 in_to_z tpLH 0.24 0.40 0.71 1.03 1.37
tpHL 0.14 0.18 0.26 0.34 042
nr2p 2 in_to_z tpLH 0.17 0.24 0.40 0.56 0.71
tpHL 0.11 0.14 0.18 0.22 0.26
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nr3
3-Input NOR
Name: nr3 Description:  3-Input NOR
Coding Syntax: z=nr3*(a,b,c)
Logic Symbol: Schematics:
c b a
q
a
c o
* z
LML G
Truth Table:
a b c z
0 0 o0 1
1 X X 0
X 1 X 0
X X 1 0
Loading Characteristics:
Values stated in standard loads.
Version a b c
nr3 0.9 1.0 1.0
nr3p 1.9 20 2.0
AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
nr3 2 in_to_z tpLH 042 0.66 1.14 1.63 2.09
tpHL 0.16 0.21 0.29 0.37 0.46
nr3p 3 in_to_z tpLH 0.31 0.42 0.66 0.89 1.14
tpHL 0.14 0.17 0.21 025 0.29
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nrd
4-Input NOR
Name: nr4 Description:  4-Input NOR
Coding Syntax: z=nr4*(a,b,c,d)
Logic Symbol: Schematics:
d c b a
a
=
c 4
d
¢l
s
Truth Table:

b

oM oM = O|R
HoM o= e O

Moo= Ml M OO
—_ M O A
oo o O — |’

Loading Characteristics:
Values stated in standard loads.

Version a b ¢ d
nrd 09 0.9 1.0 1.0
nrdp 1.9 1.9 2.0 2.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Qutput 2 4 8 12 16
nr4 2 in_to_z tpLH 0.57 0.90 1.52 2.15 2.78
tpHL 0.17 022 0.30 0.38 0.46
nrdp 4 in_to_z tpLH 042 0.57 0.89 1.22 1.53
tpHL 0.15 0.17 0.22 0.25 0.30
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nr5
5-Input NOR
Name: nr5 Description:  5-Input NOR
Coding Syntax: z=nr5*(a,b,c,d,e)
Logic Symbol: Schematics:
a
8 b 3)0“
b c _
: : L P >
d d }
€ e 30——
Truth Table:
a b c d e z
0 0 0 0 o 1
1 X X X X 0
X 1 X X X 0
X X 1 X X 0
X X X 1 X 0
X X X X 1 0
Loading Characteristics:
Values stated in standard loads.
Version a b ¢ d e
nrd 1.0 1.0 1.0 1.0 1.0
nrSp 1.0 1.0 1.0 1.0 1.0
AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
nr5 4 in_to_z tpLH 0.56 0.64 0.81 0.97 1.15
tpHL 0.37 042 0.50 0.58 0.66
nrSp 5 in_to_z tpLH 0.55 0.59 0.68 0.76 0.85
tpHL 0.37 0.40 0.45 0.50 0.54
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6-Input NOR

Name: nr6 Description:  6-Input NOR
Coding Syntax: z=nr6*(a,b,c,d,e,f)

Logic Symbol: Schematics:

a

=

[xR=ai-}]

- o a0 o
~N
o
~N

e
f
Truth Table:
a b ¢ d e f |z
0 0 0 o 0 O 1
1 X X X X X 0
X 1 X X X X 0
X X 1 X X X 0
X X X i X X 0
X X X X 1 X 0
X X X X X 1 0
Loading Characteristics:
Values stated in standard loads.
Version a b ¢ d e f
nr6 1.0 1.0 1.0 1.0 1.0 1.0
nrép 1.0 1.0 1.0 1.0 1.0 1.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 50% VDD).

Gate Delay Standard Loads
Version Count Path Qutput 2 4 8 12 16
nr6 5 in_to_z tpLH 0.64 0.73 0.90 1.06 1.23
tpHL 0.38 043 0.52 0.60 0.67
nrép 5 in_to_z tpLH 0.64 0.68 0.77 0.85 0.93
tpHL 0.39 042 0.47 0.52 0.56
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nrg
8-Input NOR
Name: nr8 Description:  8-Input NOR
Coding Syntax: z=nr8*(a,b,c,d.e,f,g,h)
Logic Symbol: Schematics:
a a
$ =) L=
c d |_
§ — Dl
—_— =Pa
g
h :
Truth Table:
a b c d e f g h z
0 0 o 0 0 o 0 0 1
1 X X X X X X X 0
X 1 X X X X X X 0
X X 1 X X X X X 0
X X X 1 X X X X 0
X X X X 1 X X X 0
X X X X X 1 X X 0
X X X X X X 1 X 0
X X X X X X X 1 0
Loading Characteristics:
Values stated in standard loads.
Version a b c d e f g h
nr 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
nr8p 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
AC Characteristics:
VDD=5V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
nr8 6 in_to_z tpLH 0.73 0.81 0.98 1.15 1.32
tpHL 0.38 042 0.50 0.58 0.66
nr8p 6 in_to_z tpLH 0.73 0.77 0.87 0.95 1.02
tpHL 0.38 0.41 0.46 0.51 0.54
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B 5304404 0014?70 L4t EELLC

nr16

16-Input NOR

Name: nrl6 Description: 16-Input NOR

Coding Syntax: z=nr16*(i0,i1,i2,i3,i4,i5,i6,17,i8,19,i10,i11,112,i13,i14,i15)
Logic Symbol: Schematics:

) i0 @__\
| ) - ==

i15 ‘
i15 g)"

Truth Table:

io il i2 i3 4 i5 i6 i7 8 9 il0 i1l iI2 iI3 il4 il5| z
0 06 o0 0 0 0 0 0 O O O O O O O o0]1
1 x X X X X X X X x x x x x x x|0
x 1 x x X X X X X x X x x x x x |0
x x 1 x x x X X x x x x x x x xi0
x x x I x x x x x x x x x x x x|0
x x x x 1 X X X X x x x x x x x1|0
x x X x x 1 x x x x x x x x x x|[0
Xx x x x x x 1 x x x x x x x x x|[0
X X X X X X X 1 x x x x x x x x]|0
x X X x x x x x I x x x x x x x|0
x X X X X X x x x 1 x x x x x x1!|0
x x X x x x x x x x 1 x x x x x|0
x X X x x x x x x x x 1 x x x x|[0
x X X X x X X x x x x x 1 x x x10
X X X X X X X x x x x x x 1 x x| 0
x X X X X X X X X x x x x x 1 x|O0
x X X X X X X X X x x x x x x 1160

Loading Characteristics:

Values stated in standard loads.

Version | i0 | il | i2 | i3 | i4 | i5 | i6 | i7 | i8 | i9 |il0 | i1l | i12 | I3 | ild | il5
nrl6 1010|1010l 10|10]10]10[|10}1.0] 10| 10| 10| 1.0} 1.0 | 10
nrl6p 10l10]/10]10l10]10f10{10{10|1.0[ 10| 10| 10| 10] 1.0 10
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M 5304804 DOLY771 082 ELLC
nr16
16-Input NOR

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal,
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
nrlé 11 in_to_z tpLH 0.86 0.95 1.14 1.30 1.48
tpHL 042 047 0.56 0.64 0.72
nrl6p 11 in_to_z tpLH 0.88 0.92 1.02 1.12 1.20
tpHL 041 0.45 0.51 0.55 0.59
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B 5304804 0DL4?7?2 T19 EELLC

or2

2-Input OR

Name: or2 Description:  2-Input OR
Coding Syntax: z=0r2*(a,b)

Logic Symbol: Schematics:

Truth Table:
a b z
0 00
0 1|1
1 0|1
1 1|1

Loading Characteristics:
Values stated in standard loads.

Version a b
or2 1.0 1.0
or2p 1.0 1.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Qutput 2 4 8 12 16
or2 2 in_to_z tpLH 0.25 0.33 0.49 0.66 0.82
tpHL 0.29 0.34 0.43 0.52 0.61
orZp 2 in_to_z tpLH 0.22 0.26 0.34 042 0.50
tpHL 0.32 0.36 041 0.47 0.51
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B 5304804 0014773 955 EELLC

ord
3-Input OR
Name: or3 Description:  3-Input OR
Coding Syntax: z=or3*(a,b,c)
Logic Symbol: Schematics:
c b a
(o]
O] 5
a
c o
o NN 1
T —_* z
"0 75 77 b
| L 1 1
Truth Table:
a b c 4
0 0 0|0
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 1
1 1 1 1
Loading Characteristics:
Values stated in standard loads.
Version a b ¢
or3 1.0 1.0 1.0
or3p 1.0 1.0 1.0
AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
or3 2 in_to_z tpLH 0.28 0.36 0.53 0.70 0.87
tpHL 0.45 0.51 0.62 0.72 0.81
or3p 3 in_to_z tpLH 0.25 0.30 0.38 0.46 0.54
tpHL 0.49 0.54 0.62 0.67 0.73
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ord B 5304804 DD1u47?74 891 EELLC
4-Input OR

Name: or4 Description:  4-Input OR
Coding Syntax: z=ord*(a,b,c,d)
Logic Symbol: Schematics:

>

Truth Table:
a b

o0 oTon

1146 4 &

—_— M M O R
— e ek e O |2

HooH oM = O
Mo = e O
Mo M M OO

Loading Characteristics:
Values stated in standard loads.

Version a b ¢ d
ord 1.0 1.0 1.0 1.0
ordp 1.0 1.0 1.0 1.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
ord 3 in_to_z tpLH 0.28 0.36 0.53 0.70 0.87
tpHL 0.56 0.64 0.76 0.87 0.98
ordp 3 in_to_z tpLH 0.26 0.31 0.39 0.47 0.56
tpHL 0.64 0.69 0.78 0.84 0.90
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M 5304804 0014775 728 EMLLC

ord
5-Input OR
Name: or5 Description:  5-Input OR
Coding Syntax: z=or5*(a,b,c,d,e)
Logic Symbol: Schematics:
a a
b b
C
c — z 4
d d
e
e
Truth Table:
a b ¢ d e z
0 0 0 0 0 0
1 X X X X 1
X 1 X X X 1
X X 1 X X 1
X X X 1 X 1
X X X X 1 1
Loading Characteristics:
Values stated in standard loads.
Version a b c d e
ors 1.0 1.0 1.0 1.0 1.0
orSp 1.0 1.0 1.0 1.0 1.0
AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
or3 4 in_to_z tpLH 0.29 0.37 0.54 0.70 0.87
tpHL 0.44 0.52 0.65 0.80 0.94
orSp 5 in_to_z tpLH 0.29 0.32 0.40 0.49 0.57
tpHL 0.50 0.54 0.62 0.69 0.76
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B 5304804 0014776 bbuy WELLC

22 This section contains data pages for LCA300K internal buffers
Internal Buffers

Naming An internal buffer root name is given at the top of each data page. High
Conventions output drive strength is indicated by the suffix p. Internal buffer names
with no suffix have a standard output drive strength.

For example:
b2ip has high output drive strength.
b21 has standard output drive strength.

» Note: For the coding syntax, an asterisk following the cell name (for exam-
ple, b21i*) is a wildcard symbol for the p option.
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b1 B 5304804 0014?77 570 MELLC
a

inverting Power Buffer

Name: bla Description:  Inverting Power Buffer
Coding Syntax: z=bla(a)
Logic Symbol: Schematics:
o
—i_

a >O z a

i Ly

Truth Table:
ia Zz
0| 1
1 0

Loading Characteristics:
Values stated in standard loads.

Version a
bla 4.4
AC Characteristics:

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version | Count Path Output 4 8 16 32 64
bla 3 a_to_z tpLH 0.09 0.11 0.16 0.27 0.50
tpHL 0.11 0.13 0.19 0.30 0.51
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B 5304804 OOL4778 437 MELLC b2
a

Inverting Buffer, 2 Parallel IVAPs

Name: b2a Description:  Inverting Buffer, 2 Parallel IVAPs
Coding Syntax: z=b2a(a)
Logic Symbol: Schematics:

Truth Table:

a Z

1 0

Loading Characteristics:
Values stated in standard loads.

Version a
b2a 6.3

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 4 8 16 32 64
b2a 4 a_to_z tpLH 0.07 0.10 0.13 0.21 0.38
tpHL 0.08 0.11 0.15 0.24 0.40
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M 5304804 0014779 373 EELLC
b3a

Power Buffer

Name: b3a Description:  Power Buffer
Coding Syntax: z=b3a(a)
Logic Symbol: Schematics:

i

1
g LT

Truth Table:
a 4
01| o0
1|1

Loading Characteristics:
Values stated in standard loads.

Version a
b3a 5.8
AC Characteristics:

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 4 8 16 32 64
b3a 3 a_to_z tpLH 0.07 0.10 0.15 0.26 0.49
tpHL 0.08 0.10 0.13 0.19 0.29
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B 5304804 0014780 D95 WALLC b2i
i

Inverter into 3 Parallel Inverters

Name: b2i Description:  Inverter into 3 Parallel Inverters
Coding Syntax: u(z1,z2)=b2i*(a)
Logic Symbof: Schematics:

a‘l>o 21

z1 >O—"

Truth Table:
a zI z2
0
0 1 0

Loading Characteristics:
Values stated in standard loads.

Version a
b2i 1.0
bip 2.0

AC Characteristics:

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path QOutput 4 8 16 32 64
b2i 2 a_to_zl tpLH 0.33 0.51 0.88 1.58 2.99
tpHL 022 0.31 0.48 0.83 1.52

a_to_z2 tpLH 0.37 0.44 0.55 0.78 1.26
tpHL 0.39 0.44 0.53 0.66 0.90

b2ip 4 a_to_z1 tpLH 0.24 0.32 0.50 0.86 1.57
tpHL 0.17 0.21 0.30 0.47 0.82
a_to_z2 tpLH 0.27 0.30 0.36 0.47 0.69

tpHL. 0.27 0.30 0.35 0.42 0.55
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p3i ™ 5304804 0014781 Tel EELLC

2 Parallel Inverters into 2 Parallel Inverters

Name: b3i Description: 2 Parallel Inverters into 2 Parallel Inverters
Coding Syntax; u(z1,22)=b3i*(a)
Logic Symbol; Schematics:

D )
] >

22

{>o—
-

Truth Table:
a 2l 2
tlo 1
0|1 o0

Loading Characteristics:
Values stated in standard loads.

Version a
b3i 2.0
b3ip 4.1

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 4 8 16 32 64
b3i 2 a_to_zl tpLH 0.16 0.24 0.41 0.78 1.49

tpHL 0.14 0.18 0.26 0.43 0.78
a_to_z2 tpLH 0.27 0.36 0.52 0.86 1.57
tpHL 0.25 0.30 0.40 0.56 0.90
b3ip 4 a_to_zl tpLH 0.12 0.16 0.24 041 0.78
tpHL 0.11 0.14 0.18 0.26 043
a_to_z2 tpLH 0.20 0.24 0.33 0.48 0.84
tpHL 0.17 0.20 0.25 0.34 0.50
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B 5304804 00147682 9b8 EELLC bai
: i
4 Parallel Inverters

Name: bdi Description: 4 Parallel Inverters
Coding Syntax: z=bdi*(a)
Logic Symbol: Schematics:
|
—| [
ke il
|
Truth Table:
a Zz
0
011

Loading Characteristics:
Values stated in standard loads.

Version a
bdi 4.1
bdip 8.2
AC Characteristics:

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 4 8 16 32 64
b4i 2 a_to_z tpLH 0.08 0.12 0.20 0.37 0.74
tpHL 0.08 0.11 0.16 0.24 0.41
béip 4 a_to_z tpLH 0.07 0.08 0.12 0.20 0.37
tpHL 0.07 0.08 0.11 0.16 0.24
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M 5304804 0OOL4783 ATY EELLC
b5i
3 Parallel inverters

Name: Db5i Description: 3 Parallel Inverters
Coding Syntax: z=b5i*(a)
Logic Symbol: Schematics:

a—{>®—z a

Truth Table:

e |z
110
0] 1

! |—|—LT—|_|—0

Loading Characteristics:
Values stated in standard loads.

Version a
b5i 3.1
b5ip 6.1

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 50% VDD).

Gate Delay Standard Loads
Version Count Path QOutput 4 8 16 32 64
bSi 2 a_to_z tpLH 0.10 0.15 0.26 0.49 0.98
tpHL 0.10 0.13 0.19 0.30 0.53
bSip 3 a_to_z tpLH 0.08 0.10 0.15 0.26 0.50
tpHL 0.07 0.10 0.13 0.19 0.30
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B 5304804 0014784 730 MELLC

bts4
3-State Internal Bus Driver

Name: bts4 Description:  3-State Internal Bus Driver
Coding Syntax: z=bts4*(a,e)
Logic Symbol: Schematics:

i
a }‘ ,
a z {>O |_1?

Truth Table:
a e 2z
X 0 |[hi-z

1|1
0 11]0

Loading Characteristics:
Values stated in standard loads.

Version a e
bts4 2.0 1.6
bts4p 2.0 1.6

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
bts4 3 a_to_z tpLH 0.25 0.34 0.50 0.67 0.85

tpHL 027 | 032 | 041 | 049 | 057
e_to_z tpLH 022 | 035 | 047 | 064 | 082
tpHL 031 | 037 | 046 | 054 | 062
btsdp 7 a_to_z tpLH 022 | 027 | 035 | 043 | 051
tpHL 025 | 028 | 034 | 039 | 043
e _to_z tpLH 023 | 029 | 037 | 046 | 054
tpHL 029 | 033 | 038 | 043 | 048
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B 5304804 00Lu7?85 677 EALLC
btsdn
Internal 3-State Bus Driver with Enable Low

Name: bts4n Description:  Internal 3-State Bus Driver with Enable Low
Coding Syntax: z=bts4n*(a,en)
Logic Symbol: Schematics:

] | . 7 '5

Truth Table:
a en z
1 |hiz
0
1

Loading Characteristics:
Values stated in standard loads.

Version a en
btsdn 2.0 1.9
bts4np 20 1.9

AC Characteristics:

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16

btsdn 3 a_to_z tpLH 0.25 0.34 0.50 0.67 0.85
tpHL 025 | 030 | 038 | 047 | 055

en_to_z tpLH 0.29 0.38 0.54 0.71 0.89

tpHL 0.20 0.32 0.41 0.55 0.63

bts4np 4 a_to_z tpLH 0.22 0.26 0.35 043 0.51
tpHL 0.23 0.27 0.32 0.37 041

en_to_z tpLH 0.27 0.31 0.39 048 0.56

tpHL 0.25 0.28 0.34 0.40 0.46
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M 5304804 DOL478b 503 MALLC

hts5
inverting 3-State Internal Bus Driver
Name: btsS Description:  Inverting 3-State Internal Bus Driver
Coding Syntax: z=bts5%(a,e)
Logic Symbol: Schematics:

L J

Truth Table:
a e Z
x 0 |hiz
r 1] 0
0 1|1

Loading Characteristics:
Values stated in standard loads.

Version a e
bts5 1.0 1.1
btsSp 1.0 1.5

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path QOutput 2 4 8 12 16
bts5 3 a_to_z tpLH 0.42 0.52 0.62 0.79 0.97

tpHL 0.35 041 0.53 0.67 0.81
e_to_z tpLH 0.56 0.71 0.77 0.97 1.08
tpHL 0.16 0.22 0.35 0.48 0.62

bts5p 4 a_to_z tpLH 0.46 0.54 0.62 0.56 0.65
tpHL 0.33 0.36 043 0.49 0.55
€_to_z tpLH 0.57 0.68 0.81 0.82 0.96

tpHL 0.12 0.15 0.22 0.28 0.35
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btsbn BE 5304804 0014?87 uuT MELLC
Internal Inverting 3-State Bus Driver with Enable Low

Name: bts5n Description:  Internal Inverting 3-State Bus Driver with Enable Low
Coding Syntax; z=bts5Sn*(a,en)
Logic Symbol: Schematics:

]
en o |
a LO z a — 1:’7 :
1

Truth Table:

a en | z
hi-z
0 0|1
1 0|0

Loading Characteristics:
Values stated in standard loads.

Version a en
btsSn 1.0 1.9
bts5np 1.0 1.9

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version | Count Path Qutput 2 4 8 12 16
bts5n 4 a_to_z tpLH 0.36 0.44 0.60 0.77 0.95

tpHL 0.37 042 0.52 0.60 0.68
en_to_z tpLH 0.29 0.37 0.53 0.70 0.88
tpHL 0.29 0.35 0.51 0.60 0.69

btsSnp 4 a_to_z tpLH 0.33 0.38 0.46 0.55 0.63
tpHL 0.34 0.37 0.43 0.48 0.52
en_to_z tpLH 0.32 0.34 0.39 0.48 0.56

tpHL 0.24 0.27 0.33 0.38 043
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5304804 0014788 3ab EELLC
buf8a

Non-Inverting Buffer, IVP Driving 2 Parallel IVAPs

Name: buf8a Description:  Non-Inverting Buffer, IVP Driving 2 Parallel IVAPs
Coding Syntax: z=buf8a(a)
Logic Symbol: Schematics:
a } z a DO DO z
Truth Table:
a 4
0 0

1 1

Loading Characteristics:
Values stated in standard loads.

Version a
buf8a 2.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path QOutput 2 4 8 16 32
buf8a 5 a_to_z tpLH 0.17 0.18 0.21 0.25 0.33
tpHL 0.26 0.27 0.29 0.35 0.43
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H 53044804 0014789 212 EELLC
delay1

Internal Buffer with 1 ns Nominal Delay

Name: delayl Description:  Internal Buffer with 1 ns Nominal Delay
Coding Syntax: z=delayl(a)
Logic Symbol: Schematics:

IS

a ’ z a

Truth Table:

a 4
0|0
1 1

Loading Characteristics:
Values stated in standard loads.
Version a

delayl 1.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Qutput 2 4 8 12 16
delayl 5 a_to_z tpLH 0.85 0.89 0.97 1.05 1.13
tpHL 0.98 1.01 1.06 1.10 1.15
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B 5304404 00L4?90 T34 MELLC
delay2
Internal Buffer with 2 ns Nominal Delay

Name: delay2 Description:  Internal Buffer with 2 ns Nominal Delay
Coding Syntax: z=delay2(a)
Logic Symbol: Schematics:

a } 2 a 2

Truth Table;

a |z
010
1 1

Loading Characteristics:
Values stated in standard loads.

Version a
delay2 1.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Qutput 2 4 8 12 16
delay2 8 a_to_z tpLH 1.83 1.87 1.95 2.04 2.12
tpHL 2.00 2.04 2.12 2.18 2.23
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BN 5304804 0014791 970 EELLC

delay3

Internal Buffer with 3 ns Nominal Delay

Name: delay3 Description:  Internal Buffer with 3 ns Nominal Delay
Coding Syntax: z=delay3(a)

Logic Symbol: Schematics:

a l/ z a z

Truth Table:
a z
0| o0
1|1

Loading Characteristics:
Values stated in standard loads.
Version a

delay3 1.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
delay3 11 a_to_z tpLH 2.93 2.98 3.06 3.15 3.24
tpHL 2.87 291 2.97 3.02 3.07
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delay4
internal Buffer with 4 ns Nominal Delay
Name: delay4 Description:  Internal Buffer with 4 ns Nominal Delay
Coding Syntax: z=delay4(a)
Logic Symbol: Schematics:
a 2 a z
Truth Table:
a 4
0|0
1|1

Loading Characteristics:
Values stated in standard loads.

Version a
delay4 1.0
AC Characteristics:

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Qutput 2 4 8 12 16
delay4 10 a_to_z tpLH 3.96 4.01 4.10 4.19 4.27
tpHL 3.90 395 4.00 4.06 4.11
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delay5
Internal Buffer with 5 ns Nominal Delay
Name: delay5 Description:  Internal Buffer with 5 ns Nominal Delay
Coding Syntax; z=delay5(a)
Logic Symbol: Schematics:

a I 4 a 2
Truth Table:

a Zz

0 0

11

Loading Characteristics:
Values stated in standard loads.

Version a
delay5 1.0
AC Characteristics:

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
delay5 11 a_to_z tpLH 4.89 4.94 5.02 5.10 5.18
tpHL 5.04 5.07 5.14 5.19 5.24
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delay10
Internal Buffer with 10 ns Nominal Delay

Name: delayl0 Description:  Internal Buffer with 10 ns Nominal Delay
Coding Syntax: z=delay10(a)
Logic Symbol: Schematics:

Truth Table:
a b4
0] o0
11

Loading Characteristics:
Values stated in standard loads.
Version a

delay10 1.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
delay10 20 a_to_z tpLH 9.89 9.93 10.01 10.09 10.18
tpHL 10.19 10.23 10.29 10.35 10.39
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/v

Inverter

Name: iv Description:  Inverter

Coding Syntax: z=iv¥(a)

Logic Symbol: Schematics:
9

)

a D@ z a*+ kz
L

Truth Table:

a 4

1|0

0] 1

Loading Characteristics:
Values stated in standard loads.

Version a
iv 1.02
ivp 2.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
iv 1 a_to_z tpLH 0.13 0.21 0.37 0.54 0.73
tpHL 0.12 0.16 0.24 0.32 0.40
ivp 1 a_to_z tpLH 0.08 0.12 0.20 0.28 0.36
tpHL 0.08 0.11 0.15 0.20 0.24
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iva
Inverter with Parallel P Transistors

Name: iva Description:  Inverter with Parallel P Transistors
Coding Syntax: z=iva*(a)
Logic Symbol: Schematics:

N - a—i’—[ﬁlz

—L
E

Truth Table:
a z
1]0
0 1

Loading Characteristics:
Values stated in standard loads.

Version a
1va 1.6
ivap 3.1

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
iva 1 a_to_z tpLH 0.11 0.14 0.22 0.30 0.38
tpHL 0.12 0.17 0.25 0.32 0.40
ivap 2 a_to_z tpLH 0.09 0.11 0.14 0.18 0.22
tpHL 0.10 0.12 0.17 0.20 0.25

LCA300K Internal Macrocells Internal Buffers 2-83
10/93 © 1992, 1993 LS! Lagic Corp. Progrietary information




B 5304404 0014797 399 MmLLC
ivda
Inverter into Inverter

Name: ivda Description:  Inverter into Inverter
Coding Syntax; u(y,z)=ivda(a)
Logic Symbol: Schematics:
y
i 9
e 0 L
y H—L ¢ .
— |
£ £
Truth Table:
a y z
0|1 o0
1|0 1

Loading Characteristics:
Values stated in standard loads.

Version a
ivda 1.0
ivdap 2.0

AC Characteristics:

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads

Version Count Path QOutput 2 3 4 8 16
ivda 1 a_to_y tpLH 0.17 0.25 041 0.59 0.77
tpHL 0.14 0.18 0.26 0.34 0.42

a_to_z tpLH 0.27 0.35 0.51 0.68 0.86

tpHL 0.23 0.28 0.37 0.44 0.52

ivdap 2 a_to_y tpLH 0.12 0.16 0.24 0.32 0.40
tpHL 0.11 0.13 0.18 0.21 0.26

a_to_z tpLH 0.19 0.23 0.30 0.38 0.47

tpHL 0.15 0.17 0.23 0.27 0.31
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Iclkbuf1

Local Clock Buffer

Name: Iclkbufl Description: Local Clock Buffer
Coding Syntax: z=Iclkbuf1(a)
Logic Symbol: Schematics:

Truth Table:
a Z
0 0
1|1

Loading Characteristics:
Values stated in standard loads.
Version a

Iclkbufl 1.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
Iclkbufl 2 a_to_z tpLH 0.19 0.22 0.28 0.33 0.39
tpHL 0.25 0.28 0.33 0.37 0.41
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Local Clock Buffer

Name: Iclkbuf2 Description:  Local Clock Buffer
Coding Syntax: z=Iclkbuf2(a)
Logic Symbol: Schematics:

a | z a

Truth Table:

a 4
010
1 1

Loading Characteristics:
Values stated in standard loads.
Version a

Iclkbuf2 2.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
Iclkbuf2 3 a_to_z tpLH 0.16 0.18 022 0.26 0.30
tpHL 0.18 0.20 0.24 0.26 0.29
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Iclkbuf3
Local Clock Buffer
Name: Iclkbuf3 Description:  Local Clock Buffer
Coding Syntax: z=Iclkbuf3(a)
Logic Symbol: Schematics:
a —I[\ z a z
Truth Table:
a z
00
1 1
Loading Characteristics:
Values stated in standard loads.
Version a
Iclkbuf3 2.0
AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Delay Standard Loads
Version Count Path Output 2 4 8 16 32
Iclkbuf3 4 a_to_z tpLH 0.19 0.20 0.23 0.30 0.43
tpHL 0.19 0.21 0.24 0.28 0.35
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23
Flip-Flops

This section contains data pages for LCA300K flip-flops.

Naming
Conventions

A flip-flop root name is given at the top of each data page. Flip-flop names
with the suffix p have a high output drive strength. Flip-flop names with
no suffix have a standard output drive strength.

For example:
£d1p has high output drive strength.
£d1 has standard output drive strength.

Note: For the coding syntax, an asterisk following the cell name (for exam-
ple, £d1*) is a wildcard symbol for the p option.
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fdh
D Hip-Flop
Name: fdl Description: D Flip-Flop
Coding Syntax: u(q,qn)=fd1*(d,cp)
Logic Symbol: Schematics:
d +—>o an
— d aF— cp 3 —
_:{ x
1 S
—>ep  gn O— = L] q
Truth Table:
d cp| q gqn
o T1]o
1 T{1 o

Loading Characteristics:
Values stated in standard loads.

Version d cp
fdl 1.0 1.0
fdlp 1.0 1.0

AC Characteristics:

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version | Count Path QOutput 2 4 8 12 16
fdl 7 cp_to_q tpLH 0.96 1.04 1.21 1.38 1.56
tpHL 0.99 1.04 1.13 1.22 1.29
cp_to_qn tpLH 1.14 122 1.38 1.55 1.73
tpHL 1.07 1.12 1.20 1.28 1.37
fdlp 8 cp_to_ tpLH 0.95 0.99 1.06 1.14 1.23
tpHL 0.99 1.03 1.08 1.13 1.17
cp_to_gn tpLH 1.17 1.21 1.29 1.37 1.45
tpHL 1.11 1.14 1.19 1.24 1.29
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fd1
D Flip-Flop
Timing Constraints:
Version Parameters Value Version Parameters Value
fd1 d_setup 0.31 fdlp d_setup 0.30
d_hold 0.08 d_hold 0.09
cp_pw( 0.38 cp_pw0 0.40
cp_pwl 047 cp_pwl 0.47
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fdis
D Hip-Flop with Scan
Name: fdls Description: D Flip-Flop with Scan
Coding Syntax: u(q,qn)=fd1s*(d,cp,ti,te)
Logic Symbol: Schematics:
d —j%
— 4 ]
q — cp 1
—cp .
1 2
e * o te —4 1 !

Truth Table:
d t te c¢p| q qn

0 x o T|o 1
1 x o T|1 o
x 0o 1 T]lo 1
x 1 1 T|1 o

Loading Characteristics:
Values stated in standard loads.

Version d cp ti te
fdls 1.0 1.0 1.0 2.0
fdlsp 1.0 1.0 1.0 2.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Qutput 2 4 8 12 16
fdls 9 cp_to_gn tpLH 1.13 1.20 1.37 1.54 1.72
tpHL 1.06 1.10 1.19 1.27 1.35
cp_to_ tpLH 0.95 1.03 1.19 1.36 1.55
tpHL 0.98 1.03 1.12 1.20 1.28
fdisp 10 cp_to_qn tpLH 1.16 1.20 1.28 1.36 1.44
tpHL 1.09 1.13 1.18 1.23 1.27
cp_to_ tpLH 093 0.97 1.05 1.13 1.21
tpHL 0.98 1.01 1.07 1.11 1.16
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fd1s
D Flip-Flop with Scan

Timing Constraints:

Version Parameters Value Version Parameters Value
fdls d_setup 0.57 fdlsp d_setup 0.56
d_hold 0.00 d_hold 0.10

ti_setup 0.57 ti_setup 0.56

ti_hold 0.00 ti_hold 0.10

te_setup 0.74 te_setup 0.61

te_hold -0.18 te_hold 0.05

cp_pw0 0.57 cp_pw0 045

cp_pwl 0.47 cp_pwl 047

LCA300K Internal Macrocells
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fd1sl
D Flip-Flop with Enable Scan
Name: fdlsl Description: D Flip-Flop with Enable Scan
Coding Syntax: u(q,qn)=fd1sl*(d,cp,ld,ti,te)
Logic Symbal: Schematics:
4
—
o 51 A&
. ; ?1 El
o g & )
qn O— ‘ 1S5 = S q
— i o 4 Po—— 1
ti ——>o— ——o— 4
— te
cp—-[)o—T—Dw
Truth Table:
d t te cp W qn
o x o0 T 1 1
1 x o0 T 1|1 o
x 0 1 T x|o0 1
X 1 1 T x 1 .0
be X o T o q qn
Loading Characteristics:
Values stated in standard loads.
Version d cp d ti te
fdlsl 1.0 1.0 1.9 1.0 1.9
fdlslp 1.0 1.0 1.9 1.0 19
AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Delay Standard Loads
Version | Count Path Output 2 4 8 12 16
fdlsl n cp_to_gn tpLH 1.02 1.10 1.26 1.43 1.62
tpHL 1.03 1.08 1.17 1.25 1.33
cp_to_q tpLH 0.91 1.00 1.16 133 1.52
tpHL 0.87 0.93 1.04 1.13 1.23
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fd1sl
D Flip-Flop with Enable Scan

AC Characteristics: (Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version | Count Path Output 2 4 8 12 16
fdlslp 12 cp_togn | tpLH 1.06 1.11 1.19 127 135

tpHL 1.07 1.11 1.16 121 126
cp_toq | tpLH 088 | 093 1.02 1.10 1.19
tpHL 086 | 090 | 097 1.03 1.08

Timing Constraints:

Version Parameters Value Version Parameters Value
fdlsl d_setup 0.83 fd1slp d_setup 0.80
d_hold -0.17 d_hold -0.02

1d_setup 0.65 1d_setup 0.65

1d_hold -0.17 1d_hold -0.02

ti_setup 0.57 ti_setup 0.55

ti_hold 0.03 ti_hold 0.19

te_setup 0.35 te_setup 0.34

te_hold 0.13 te_hold 0.30

cp_pw0 0.48 cp_pw0 0.63

cp_pwl 047 cp_pwl 0.47
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fd1s2

D Flip-Flop with 2 Scan Clock Control

Name: fdlis2 Description: D Flip-Flop with 2 Scan Clock Control
Coding Syntax: u(q,qn)=fd1s2*(d,cp,sck1,sck2,si)
Logic Symbol: Schematics:
1
.L 1 D gn
i
Iy T 4 ¢+
_>Cp "——r T 2
cp—T o > .
— sckil 0
—1sck2 gn P— sckl l[>°
—si
sck2 {>c =
si Dc,
LT
Truth Table:
d cp si sckl sck2| q qn
o T x o0 x |0 1
1 T X 0 X 1 0
x 0 0 i ryo 1*
X 0 0 J1L Jvo 0*
*sck2 TL
sckl L
sck2 must occur before sckl in order to
load si to outputs
Loading Characteristics:
Values stated in standard loads.
Version d cp sckl sck2 si
fdls2 1.0 1.0 1.7 14 1.0
fdls2p 1.0 1.0 1.7 14 1.0
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fd1s2
D Flip-Flop with 2 Scan Clock Control

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

LCA300K Internal Macrocells
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Gate Delay Standard Loads
Version Count Path Qutput 2 4 8 12 16
fd1s2 11 cp_to_q tpLH 1.05 1.13 1.30 1.47 1.65
tpHL 1.10 1.15 1.24 1.32 1.41
cp_to_qn tpLH 1.25 1.33 1.49 1.66 1.84
tpHL 1.20 1.26 135 1.43 1.52
sckl_to_q tpLH 0.98 1.06 122 1.40 1.58
tpHL 1.03 1.08 1.17 1.25 1.33
sckl_to_gn tpLH 1.17 1.25 1.41 1.58 1.77
tpHL 1.13 1.18 1.28 1.36 1.44
sck2_to_q tpLH 1.07 1.15 1.31 1.48 1.66
tpHL 1.12 1.17 1.25 1.34 1.42
sck2_to_gn tpLH 1.26 1.34 1.50 1.67 1.85
tpHL 1.22 1.27 1.36 1.45 1.53
fdls2p 12 cp_to_ tpLH 1.04 1.08 1.16 1.24 1.32
tpHL 1.10 1.14 1.19 1.24 1.29
cp_to_gn tpLH 1.29 1.33 141 1.49 1.57
tpHL 1.25 1.28 1.34 1.39 1.44
sckl_to_q tpLH 0.97 1.01 1.09 1.17 1.25
tpHL 1.03 1.07 1.12 1.17 1.22
sckl_to_gn tpLH 1.22 1.26 1.34 1.42 1.50
tpHL 1.18 121 1.27 1.32 1.37
sck2_to_q tpLH 1.06 1.10 1.18 1.26 1.34
tpHL 1.12 1.15 1.21 1.26 1.30
sck2_to_gn tpLH 1.31 1.35 1.43 1.51 1.59
tpHL 1.27 1.30 1.36 1.41 1.46
Timing Constraints:
Version Parameters Value Version Parameters Value
fd1s2 d_setup 0.30 fd1s2p d_setup 0.31
d_hold 0.09 d_hold 0.09
cp_pwl 047 cp_pwl 047
cp_pw0 0.39 cp_pwO0 0.40
sck2_pw 1.42 sck2_pw 1.42
si_setup 1.98 si_setup 1.98
si_hold -0.18 si_hold -0.18
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fd1ss B 5304404 0014810 L52 EELLC
D Flip-Flop with Scan, Scan Clock, Scan Select

Name: fdlss Description: D Flip-Flop with Scan, Scan Clock, Scan Select
Coding Syntax: u(q,qn)=~fd1ss*(d,sel,cp,sck,ti,te)
Logic Symbol: Schematics:
. = = an
¢ | ti%%b‘ 1K Do—q
—Pep a — i E
RO e vea® | i Xinict i Ay
sel —¢ 1
ti | ’te sck — -
LT
Truth Table:
d td te cp sck sel| q g¢qn
o x 0o T x oo 1
1 x o T x o1 o
x 0 1 T x oo 1
x 1t 1 T x o1 o0
0 x 0 x T 1]l0 1
1 x o0 x T 1|0 1
x 0 1 x T 1[0 1
x 1 1 x T 1]1 o0

Loading Characteristics:
Values stated in standard loads.

Version d sel cp sck ti te
fdlss 1.0 1.6 1.0 1.0 0.9 1.9
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fd1ss
D Flip-Flop with Scan, Scan Clock, Scan Select

AC Characteristics:

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fdlss 11 cp_to_gn tpLH 1.25 1.33 1.49 1.66 1.85
tpHL 1.19 1.24 1.32 1.40 1.48
cp_to_ tpLH 1.11 1.19 1.36 1.53 1.71
tpHL 1.14 1.19 1.28 1.36 1.45
sck_to_gn tpLH 1.27 1.35 1.52 1.69 1.87
tpHL 1.22 1.26 1.35 143 1.51
sck_to_q tpLH 1.14 1.22 1.39 1.56 1.74
tpHL 1.16 122 1.31 1.39 1.47

Timing Constraints:

Version Parameters Value
fdlss d_setup 0.35
d_hold 0.10

ti_setup 0.43

ti_hold 0.02

te_setup 0.43

te_hold 0.02

sck_pw0 0.45

sck_pwl 0.47

sel_pwO 0.45

sel_pwl 047

cp_pw0 0.45

cp_pwl 0.47
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fdisso

D Flip-Flop with Scan, Scan Out

Name: fdlsso Description: D Flip-Flop with Scan, Scan Out
Coding Syntax: u(q,sq)=fd1sso(d,cp,ti,te)
Logic Symbol: Schematics:
Ty te 2 [ SRR Bas
- R
—Pcp q ti - -
] ti cp {>o J.-_Dc e e
— e sq— * —{>o—sq
T I
Truth Table:
d cp t te| q sq
0 ! X 0 0 0
1 ! X 0 1 1
X ! 0 1 0 0
X ! 1 1 1 1
0 ! 0 X 0 0
0 ! 0 X 0 0
x 0 x x| q sq
! = positive trigger
x = don’t care

Loading Characteristics:
Values stated in standard loads.
Version d cp /1 te

fdlsso 1.0 1.0 1.0 2.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fdlsso 9 cp_to_ tpLH 0.99 1.07 1.23 1.40 1.58

tpHL 1.03 1.08 1.18 1.26 1.34
cp_to_sq tpLH 0.99 1.07 1.23 1.40 1.58
tpHL 1.03 1.08 1.18 1.26 1.34
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fd1sso

D Flip-Flop with Scan, Scan Qut

Timing Constraints:

Version | Parameters Value
fdlsso d_setup 0.54
d_hold 0.11
ti_setup 0.56
ti_hold 0.07
te_setup 0.56
te_hold 0.07
cp_pw0 042
cp_pwl 0.47
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fd1ss1

D Flip-Flop with Sychronous Load, Scan, Scan Qut

Name: fdlssl Description: D Flip-Flop with Sychronous Load, Scan, Scan Out
Coding Syntax: u(q,sq)=fd1ssl(d,cp,ld,ti,te)
Logic Symbol: Schematics:
te
ti—o—0n
] te
1y a— d 3 2 |_1
e . 1t Do— g
b 1| A
—pecp ! —[>o—>o—4->0— 50
T T
cp {>o-e +
Truth Table:
d e¢p W 4 te| q sq
0 ! 1 x O0]0 O
1 ! 1 0 1 1
X ! x 0 1 0 0
X ! X 1 1 1
X ! 0 X 0 q q
x 0 x x x1|9 4q
I = positive trigger
x = don't care
Loading Characteristics:
Values stated in standard loads.
Version d cp id t te
fdlssl 1.0 1.0 1.9 1.0 1.9
AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fd1ssl 11 cp_to_f tpLH 0.91 1.00 1.16 1.34 1.52
tpHL 0.87 093 1.04 1.13 122
cp_to_sq tpLH 1.15 1.23 1.39 1.56 1.74
tpHL 1.12 1.17 1.26 1.34 1.42
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B 5304804 DOL48L5 134 EELLC
fd1ss1
D Flip-Flop with Sychronous Load, Scan, Scan Out

Timing Constraints:

Version Parameters Value
fd1ssl d_setup 0.66
d_hold -0.20

ti_setup 0.46

ti_hold -0.00

te_setup 0.31

te_hold 0.11

1d_setup 0.65

1d_hold -0.23

cp_pw0 0.42

cp_pwl 0.47
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B 5304804 00L48LL 070 EELLC
fdisx2

2-Bit Buffered D Flip-Flop with Scan

Name: fdlsx2 Description:  2-Bit Buffered D Flip-Flop with Scan
Coding Syntax: u(q0,q0n,q1,q1n)=fd1sx2(d0,d1,cp,ti0,te0,ti1,te1)
Logic Symbol: Schematics:
fd1s
o — d
g0
— di — cp
— — ti ti
do q0 i0 ' gn [— q0n
—> ¢p te0 te
gon ©O—
— ti0
fdls
—1 tel q1 —
— 1 d1 d :
I qln  O— > ¢p q a
—1 tel . .
ti1 ti n
n
tel te 9 q
cp —
Truth Table:
te) tel cp | q0 qOn gql gqiIn
0 0 T |d d@W d1 dI
0 1 T |do @ 1 @T
1 0o T |t @ d1 dT
1 1 T /|t @ dl &l
Loading Characteristics:
Values stated in standard loads.
Version do di cp ti0 te0 til tel
fdlsx2 0.5 0.5 1.0 0.5 1.0 0.5 1.0
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B 5304404 0014817 TO? EELLC
fd1sx2

2-Bit Buffered D Flip-Flop with Scan

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fdlsx2 17 cp_to_q0 tpLH 1.13 1.30 1.65 201 235
tpHL 1.13 1.21 1.38 1.55 1.72
cp_to_q0On tpLH 1.36 1.52 1.88 224 2.58

tpHL 1.27 1.36 1.53 1.70 1.88
cp_to_ql tpLH 1.13 1.30 1.65 2.01 2.35
tpHL 1.13 1.21 1.38 1.55 1.72
cp_to_qln tpLH 1.36 1.52 1.88 224 2.58
tpHL 1.27 1.36 1.53 1.70 1.88

Timing Constraints:

Version Parameters Value
fdisx2 dO_setup 0.85
d0_hold -0.24
d1_setup 0.85
d1_hold -0.24
ti0_setup 0.85
ti0_hold -0.24
til_setup 0.85
til_hold -0.24
te0_setup 0.95
teQ_hold -0.35
tel_setup 0.95
tel_hold -0.35
cp_pw0 0.45
cp_pwl 0.47
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i2 B 5304804 0014818 943 EELLC

D Hip-Flop with Clear

Name: fd2 Description: D Flip-Flop with Clear
Coding Syntax: u(q,qn)=fd2*(d,cp,cd)
Logic Symbol: Schematics:
d — oo
— n
— 4 g cp —— ’ L ‘ Ll q
by e
—Dcp gn [—— L J_é L
cd — —e __DOJ—DO—— q
T T ‘
cd
Truth Table:
d c¢p cdi| q ¢qn
o T 1[0 1
1 T 1|1 o0
X X 0 0 1
Loading Characteristics:
Values stated in standard loads.
Version d cp cd
fd2 1.0 1.0 18
fd2p 1.0 1.0 1.8
AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Delay Standard l:oads
Version | Count Path Qutput 2 4 8 12 16
fd2 8 cp_to_ tpLH 1.03 1.11 1.28 1.45 1.63
tpHL 1.04 1.10 1.20 1.28 1.36
cp_to_qn tpLH 1.30 1.38 1.54 1.71 1.89
tpHL 1.14 1.19 1.27 1.35 1.44
cd_to_gn tpLH 0.92 1.00 1.16 1.33 1.51
tpHL 0.92 1.00 1.16 1.33 1.51
cd_to_q tpLH 0.66 0.72 0.82 0.90 0.98
tpHL 0.66 0.72 0.82 0.90 0.98
2-106 LCA300K Internal Macroceils Flip-Flops

10/93 © 1992, 1993 LSI Lagic Corp. Proprietary Information




M 5304804 0OL4819 A48T EELLC

fd2

D Flip-Flop with Clear

AC Characteristics: (Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version | Count Path Output 2 4 8 12 16
fd2p 9 cp_to_q tpLH 1.02 1.07 1.15 1.24 1.32
tpHL 1.00 1.03 1.09 1.15 1.20
cp_to_gn tpLH 1.29 1.34 1.42 1.50 1.58
tpHL 1.20 1.23 1.29 1.33 1.38
cd_to_gn tpLH 0.99 1.04 1.13 1.21 1.29
tpHL 0.99 1.04 1.13 1.21 1.29
cd_to_q tpLH 0.70 0.74 0.80 0.85 0.90
tpHL 0.70 0.74 0.80 0.85 0.90
Timing Constraints:
Version Parameters Value Version Parameters Value
fd2 d_setup 0.31 fd2p d_setup 0.63
d_hold 0.08 d_hold 0.08
cp_pw0 0.40 cp_pw0 0.70
cp_pwl 0.51 cp_pwl 0.51
cd_revry -0.53 cd_rcvry -0.50
cd_hold 0.80 cd_hold 0.80

LCA300K Internal Macrocells
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B 53048404 0014820 5TL EELLC
fd2ess

D Flip-Flop with Clear, Clear Enable, Scan, Scan Out

Name: fd2ess Description: D Flip-Flop with Clear, Clear Enable, Scan, Scan Out
Coding Syntax: u(q,sq)=fd2ess(d,cp,cd,ti,te,ce)
Logic Symbol: Schematics:
q
—d te wy Y
—Pep i f, %BD
. T T
’ sq— cp >0 e L e
te a sq
cd ? ?ce cd T T
D >
Truth Table:
d cp cd 4 te ce| q sq
X X 0 X X 0 0 0
d ! 0 x 0 1 d d
d ! 1 X 0 1 d
d ! 1 x 0 o01/d
X ! 0 4 1 1|6 i
X ! 1 1 1 ti ti
X ! 1 1 0 ti ti
X 0 0 X X 1 q sq
x 0 1 X X 1 q sq
x O 1 x x 0] g sq
0 ! 0 0 X 1 0
0 ! 1 0 x 110
0 ! 1 0 X 0 0
! = positive trigger
x =don’t care
Loading Characteristics:
Values stated in standard loads.
Version d cp cd t te ce
fd2ess 1.0 1.0 1.0 1.0 2.0 0.9
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I 5304804 0014821 438 EMELLC
fd2ess

D Flip-Flop with Clear, Clear Enable, Scan, Scan Out

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fd2ess 11 cp_to_sq tpLH 1.08 1.17 1.34 1.51 1.69
tpHL 1.05 1.10 1.20 1.28 1.36
cp_to_q tpLH 1.08 1.17 1.34 1.51 1.69

tpHL 1.05 1.10 1.20 1.28 1.36
cd_to_sq tpLH 0.94 0.99 1.09 1.17 1.25
tpHL 0.94 0.99 1.09 1.17 1.25
cd_to_q tpLH 0.94 0.99 1.09 1.17 1.25
tpHL 0.94 0.99 1.09 1.17 1.25
ce_to_sq tpLH 0.94 0.99 1.09 1.17 1.25
tpHL 0.94 0.99 1.09 1.17 125
ce_to_q tpLH 0.94 0.99 1.09 1.17 1.25
tpHL 0.94 0.99 1.09 1.17 1.25

Timing Constraints:

Version Parameters Value
fd2ess d_setup 0.55
d_hold 0.01
ti_setup 0.57
ti_hold 0.00
te_setup 0.57
te_hold 0.00
cp_pw0 0.57
cp_pwl 0.51
cd_rcvry -0.26
cd_hold 0.31
ce_rcvry -0.26
ce_hold 0.31
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fd2ess 5304804 DOL4s22 374 EMLLC
D Flip-Flop with Clear, Clear Enable, Synchronous Load, Scan, Scan Out

Name: fd2essl Description: D Flip-Flop with Clear, Clear Enable, Synchronous
Load, Scan, Scan Out
Coding Syntax: u(q,sq)=fd2essl(d,ld,cp,cd,ti,te,ce)
Logic Symbol: Schematics:
d
— te Id
— N te l_ Ll q
e 1=
m | AT
— ce | RY
— od sq ep imEgs 5q
— cp cd L T
ce ) > +
Truth Table:
d lWd cp cd tu te ce| q sq
X X X 0 X 0 0 0
X X ! 1 1 X 0 0
X ! 1 1 X 1 1
0 1 ! 1 X 0 X 0 0
1 1 ! 1 X 0 X 1 1
X 0 X 1 0 X q q
X X ! X 0 1 1 0 0
X X ! X 1 1 1 1 1
0 1 ! X b 0 1 0 0
1 1 ! X X 0 1 1 1
X 0 x x x 0 1 q q
! = positive trigger
x =don’t care
Loading Characteristics:
Values stated in standard loads.
Version d ld cp cd i te ce
fd2essl 0.9 1.0 1.0 09 1.0 1.8 1.0
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B 5304804 0014823 200 MELLC
fd2essl

D Fip-Flop with Clear, Clear Enable, Synchronous Load, Scan, Scan Qut

AC Characteristics:

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fd2essl 15 cp_to_ tpLH 1.08 1.16 1.32 1.50 1.69

tpHL 1.17 1.20 1.26 1.33 1.40
cp_to_sq tpLH 1.08 1.16 1.32 1.50 1.69
tpHL 1.17 1.20 1.26 1.33 1.40
cd_to_q tpLH 0.99 1.02 1.08 1.15 1.22
tpHL 0.99 1.02 1.08 1.15 1.22
cd_to_sq tpLH 0.99 1.02 1.08 1.15 1.22
tpHL 0.99 1.02 1.08 1.15 1.22
ce_to_q tpLH 0.99 1.02 1.08 1.15 1.22
tpHL 0.99 1.02 1.08 1.15 1.22
ce_to_sq tpLH 0.99 1.02 1.08 1.15 1.22
tpHL 0.99 1.02 1.08 1.15 1.22

Timing Constraints:

Version Parameters Value
fd2essl d_setup 0.57
d_hold 0.10
ti_setup 0.82
ti_hold -0.15
te_setup 0.82
te_hold -0.15
1d_setup 0.99
1d_hold -0.09
cp_pw( 0.67
cp_pwl 0.51
cd_rcvry -0.33
cd_hold 0.39
ce_rcvry -0.33
ce_hold 0.39
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B 5304804 00Lud2Yy Lu7? EELLC
fd2s

D Hip-Flop with Clear, Scan

Name: fd2s Description: D Flip-Flop with Clear, Scan
Coding Syntax: u (q,gn)=fd2s*(d,cp,cd,ti,te)
Logic Symbol: Schematics:
d
d e | :I ] —{>o— an
—PDep cp s l 1 [
— 4 . A ;__i_ "Q_
te y qn te J_ : ‘? 1
T ) “
cd

Truth Table:
d H te cp cdi q gqn

0o x o T 1|0 1

1 x o T 1]l1 o
x 0 1 T 1]l0 1
x 1 1t T 1011 o

X X X X 0 0 1

Loading Characteristics:
Values stated in standard loads.

Version d cp cd t te
fd2s 1.0 1.0 1.8 1.0 2.0
fd2sp 1.0 1.0 1.8 1.0 2.0
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IR 5304804 0014825 083 MELLC
fd2s
D Flip-Flop with Clear, Scan

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Qutput 2 4 8 12 16
fd2s 10 cp_to_qgn tpLH 1.24 1.32 1.48 1.65 1.83
tpHL 1.14 1.19 1.27 1.35 1.44
cp_to_t tpLH 1.03 1.11 1.28 1.45 1.63

tpHL 0.99 1.04 1.14 1.22 1.30
cd_to_gn tpLH 0.92 1.00 1.16 1.33 1.51
tpHL 092 1.00 1.16 1.33 151
cd_to_q tpLH 0.67 0.72 0.82 0.90 0.98
tpHL 0.67 0.72 0.82 0.90 0.98
fd2sp 11 cp_to_gn tpLH 1.28 1.33 141 1.49 1.57
tpHL 1.20 1.23 1.29 1.33 1.38
cp_to_q tpLH 1.03 1.11 1.28 1.45 1.63
tpHL 0.99 1.04 1.13 1.22 1.30
cd_to_gn tpLH 0.99 1.04 1.12 1.21 1.29
tpHL 0.99 1.04 1.12 1.21 1.29
cd_to_q tpLH 0.71 0.76 0.85 093 1.01
tpHL 0.71 0.76 0.85 0.93 1.01

Timing Constraints:

Version Parameters Value Version Parameters Value
fd2s d_setup 0.57 fd2sp d_setup 0.57
d_hold 0.00 d_hold 0.00
ti_setup 0.57 ti_setup 0.57
ti_hold 0.00 ti_hold 0.00
te_setup 0.57 te_setup 0.57
te_hold 0.00 te_hold 0.00
cp_pw0 0.57 cp_pw0 0.57
cp_pwl 0.51 cp_pwl 051
cd_rcvry -0.53 cd_rcvry -0.50
cd_hold 0.80 cd_hold 0.80
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BE 5304804 00lud2b TIT mLLC
fd2sl

D Flip-Flop with Scan, Synchronous Load, and Clear

Name:  fd2sl Description: D Flip-Flop with Scan, Synchronous Load, and Clear
Coding Syntax: u(q,qn)=fd2sl*(d,cp,cd,ti,te,1d)
Logic Symbol: Schematics:

e — Dt o
T3 S
—Pep q — t;‘ﬁ g] F _—%— A
—{tin agn pP— cp _DOT_DO__‘ )
— te
— 1 cd

LR
L

cd
Truth Table:
cp ¢cd Ild te | q gqn
X 0 X X 0 1
T 1 1 x|d4 4d
T 1 0 0| q gn
T 1 0 1 |@n tn

Loading Characteristics:
Values stated in standard loads.

Version d id cp cd tin te
fd2sl 23 2.9 1.0 1.6 24 3.1
fd2slp 2.3 29 1.0 1.6 2.4 3.1
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M 5304804 0014827 956 EELLC
fd2sl

D Flip-Flop with Scan, Synchronous Load, and Clear

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fd2sl 14 cp_to_qn tpLH 1.29 1.38 1.54 1.71 1.89
tpHL 1.15 1.20 1.29 1.37 1.46
Cp_to_ tpLH 1.02 1.10 1.27 144 1.62

tpHL 1.03 108 | 117 | 126 | 134
cd_toqn | tpLH 0.98 106 | 1.23 139 | 1.8
tpHL 0.98 1.06 | 123 139 | 1.8
cd_toq | tpLH 072 | 077 | 086 | 094 | 103
tpHL 072 | 077 | 086 | 094 | 103

fd2slp 16 cp_to_gn tpLH 1.33 1.38 1.46 1.54 1.63
tpHL 1.19 1.23 1.29 1.34 1.38

cp_to_q tpLH 1.00 1.05 1.13 1.21 1.30

tpHL 1.03 1.07 1.12 1.17 1.22

cd_to_gn tpLH 1.08 1.12 1.21 1.29 1.37
tpHL 1.08 1.12 1.21 1.29 1.37
cd_to_q tpLH 0.78 0.82 0.87 0.92 0.96
tpHL 0.78 0.82 0.87 0.92 0.96

Timing Constraints:

Version Parameters Value Version Parameters Value
fd2s] 1d_setup 0.90 fd2slp d_setup 0.63
1d_hold -0.48 d_hold 0.10

d_setup 1.04 1d_setup 0.63

d_hold -0.62 1d_hold 0.10

cp_pw0 0.42 te_hold -0.22

cp_pwl 0.51 te_setup 1.10

te_setup 0.57 tin_setup 1.10

te_hold -0.13 tin_hold -0.22

ti_setup 0.52 cp_pw0 0.73

ti_hold -0.08 cp_pwl 0.90

cd_rcvry -0.53 cd_revry -0.25

cd_hold 0.80 cd_hold 0.98
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B 5304804 DOL4828 492 ERLLC
fd2si2
D Flip-Flop with Clear, Scan, and Load

Name: fd2sl2 Description: D Flip-Flop with Clear, Scan, and Load
Coding Syntax: u(q,qn)=fd2s12*(d,cp,cd,ti,te,1d)
Logic Symbol: Schematics:
o ’ +—o— qn
— d q
b [
— Id
—i M
— te %d
l
Truth Table:
cp cd ld te| g gqn
X 0 X 0 1
T 1 0 q qn
T 1 1t o4 4
T 1 x 1|4 @

Loading Characteristics:
Values stated in standard loads.

Version d cp cd il te ld
fd2s12 1.0 1.0 1.8 1.0 1.9 20
fd2si2p 1.0 1.0 1.8 1.0 1.9 20
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B 5304804 00l4829 729 EELLC
fd2si2
D Flip-Flop with Clear. Scan, and Load

AC Characteristics:
VDD=5V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fd2s12 13 cp_to_qn tpLH 1.33 1.41 1.57 1.74 1.92
tpHL 1.18 1.24 1.33 1.41 1.50
cp_to_q tpLH 1.03 1.11 1.28 1.45 1.63

tpHL 1.04 1.10 1.20 1.28 1.36
cd_to_gn tpLH 0.95 1.03 1.20 1.36 1.55
tpHL 0.95 1.03 1.20 1.36 1.55
cd_to_g tpLH 0.66 0.72 0.82 0.90 0.99
tpHL 0.66 0.72 0.82 0.90 0.99

fd2sl2p 14 cp_to_gn tpLH 1.29 1.34 1.42 1.51 1.59
tpHL 123 1.26 1.32 1.37 1.42
cp_to_t tpLH 1.00 1.05 1.14 1.22 1.30

tpHL 098 1.02 1.07 112 1.17
cd_to_qn | tpLH 1.03 107 1.16 124 132
tpHL 1.03 1.07 1.16 124 1.32
cd_to_g | tpLH 072 | 075 | 081 085 | 090
tpHL 072 | 075 | 081 0.85 | 0.90

Timing Constraints:

Version Parameters Value Version Parameters Value
fd2s12 Id_setup 0.90 fd2s12p 1d_setup 0.90
1d_hold -0.48 1d_hold -0.48

d_setup 1.04 d_setup 1.04

d_hold -0.62 d_hold -0.62

cp_pw0 042 cp_pw0 0.42

cp_pwl 0.51 cp_pwl 0.51

te_setup 0.57 te_setup 0.57

te_hold -0.13 te_hold -0.13

ti_setup 0.52 ti_setup 0.52

ti_hold -0.08 ti_hold -0.08

cd_revry -0.53 cd_rcvry -0.50

cd_hold 0.80 cd_hold 0.80
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BE 5304804 0014830 440 EELLC

fd2ts

D Flip-Flop with Clear and 3-State Output

Name: fd2ts Description: D Flip-Flop with Clear and 3-State Qutput
Coding Syntax: u(z,q)=fd2ts*(d,cp,cd,rd)
Logic Symbol: Schematics:
d
| cp S ‘ 3
rd oy nXEg
_ - 1 —
d q [0 i _?
T = Do Dol [
— 1 cp z [ cd |
cd '
I ' 1
Truth Table:
d cp cd) g d gq | z
o T 110 0 x |hiz
1 T 11 1 010
X X 0 0 1 1 1
Loading Characteristics:
Values stated in standard loads.
Version d cp cd rd
fd2ts 1.0 1.0 1.8 1.4
fd2tsp 1.0 1.0 1.8 1.8
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BN 5304804 0014831 387 MELLC
fd2ts

D Flip-Flop with Clear and 3-State Qutput

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

LCA300K Internal Macrocells

10/93
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Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fd2ts 9 rd_to_z tpLH 0.49 0.60 0.80 1.00 1.20
tpHL 0.10 0.16 0.29 0.55 0.80
cp_to_z tpLH 1.54 1.66 1.85 2.05 223
tpHL 1.22 1.27 1.42 1.71 1.96
cp_to_ tpLH 1.09 1.18 1.34 1.52 1.70
tpHL 1.13 1.15 1.24 1.33 1.41
cd_to_q tpLH 0.75 0.77 0.86 0.94 1.02
tpHL 0.75 0.77 0.86 0.94 1.02
cd_to_z tpLH 0.834 0.89 1.04 1.32 1.58
tpHL 0.84 0.89 1.04 1.32 1.58
fd2tsp 11 rd_to_z tpLH 0.44 0.52 0.64 0.74 0.84
tpHL 0.08 0.11 0.18 0.24 0.30
cp_to_z tpLH 1.51 1.61 1.73 1.84 1.93
tpHL 1.25 1.29 1.34 1.42 1.49
cp_to_ tpLH 1.08 1.13 1.22 1.30 1.39
tpHL 1.18 1.20 121 1.25 1.30
cd_to_q tpLH 0.83 0.85 0.86 091 0.95
tpHL 0.83 0.85 0.86 091 0.95
cd_to_z tpLH 0.91 0.94 0.99 1.07 1.15
tpHL 091 0.94 0.99 1.07 1.15
Timing Constraints:
Version Parameters Value Version Parameters Value
fd2ts d_setup 0.31 fd2tsp d_setup 0.31
d_hold 0.08 d_hold 0.08
cp_pw0 0.39 cp_pw0 0.39
cp_pwl 0.51 cp_pwl 0.51
cd_revry -0.53 cd_rcvry -0.42
cd_hold 0.80 cd_hold 0.80
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a3 B 53044804 0014832 213 MELLC

D Hip-Flop with Clear, Set

Name: fd3 Description: D Flip-Flop with Clear, Set
Coding Syntax: u(q,qn)=fd3*(d,cp,cd,sd)
Logic Symbol: Schematics:
d
(B ep — L—l \_1 >o—gn
sd
— e B Ixs
3
2 1
|
T ) e
b b é T |
cd cd
sd
Truth Table:
d ¢ ¢d sd| q qn
o T 1 1|0 1
1 T 1 1]1 o0
X X 0 1 0
X X 1 0 1
X X 0 0
Loading Characteristics:
Values stated in standard loads.
Version d cp cd sd
fd3 1.0 1.0 1.8 1.8
fd3p 1.0 1.0 1.8 1.8
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BN 5304804 DOl4833 15T EELLC fd3

D Hip-Flop with Clear, Set

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fd3 9 cp_to_q tpLH 1.01 1.10 1.26 1.43 1.61

t(pHL 1.02 1.07 1.16 1.24 1.32
cp_toqn | tpLH 132 141 1.58 1.75 1.93
tpHL 112 1.17 1.26 134 142
cd_toq | tpLH 068 | 073 | 082 | 0091 0.99
tpHL 068 | 073 | 082 | 0091 0.99
cd_toqn | tpLH 0.98 1.07 1.24 141 1.59
tpHL 0.98 1.07 1.24 141 159

sd_to_q tpLH 1.12 1.21 1.37 1.54 1.72

tpHL 1.12 1.21 1.37 1.54 1.72

sd_to_gn tpLH 0.86 0.91 1.00 1.08 1.16

tpHL 0.86 0.91 1.00 1.08 L.16

fd3p 10 cp_to_ tpLH 1.00 1.05 1.13 1.22 1.30
tpHL 1.02 1.06 111 1.16 1.20

cp_to_gn tpLH 1.43 1.48 1.57 1.66 1.74
tpHL 1.18 1.21 1.27 1.31 1.36
cd_to_q tpLH 0.72 0.76 0.81 0.86 0.90
tpHL 0.72 0.76 0.81 0.86 0.90
cd_to_qn tpLH 1.13 1.18 1.27 1.36 1.44
tpHL 1.13 1.18 1.27 1.36 1.44
sd_to_q tpLH 1.21 1.26 1.34 1.42 1.51
tpHL 121 1.26 1.34 1.42 1.51
sd_to_qn tpLH 0.89 0.92 0.98 1.03 1.07
tpHL 0.89 0.92 0.98 1.03 1.07

Timing Constraints:

Version Parameters Value Version Parameters Value
fd3 d_setup 0.31 fd3p d_setup 031
d_hold 0.07 d_hold 0.07

cd_rcvry -0.42 cd_rcvry -0.50

cd_hold 0.86 cd_hold 0.86

sd_revry -0.20 sd_rcvry -0.20
sd_hold 0.18 sd_hold 0.23

cp_pw0 0.38 cp_pw0 0.38

cp_pwl 0.49 cp_pwl 0.49
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S

D Flip-Flop with Clear, Set, and Scan

Name: fd3s Description: D Flip-Flop with Clear, Set, and Scan
Coding Syntax: u(q,gqn)=fd3s*(d,cp,cd,sd,ti,te)
Logic Symbol: Schematics:
$ d
— d — +—{>0— gn
¢ s g o 2 I !
—cp
_ o —| & = \Eg
—t L e — P s
—e " ‘ o g
cd T T
? cd hd
sd
Truth Table:
d f te ¢ c¢d sd| q gqn
o x o T 1 1|0 1
1 x o T 1 1|1 o0
x 0 1 T 1 1]l0 1
x 1 1 T 1 1)1 0
X X X X 0 0 1
X X X X 1 1 0
X X X X 0 0
Loading Characteristics:
Values stated in standard loads.
Version d cp cd sd ti te
fd3s 1.8 1.0 1.8 1.8 1.0 20
fd3sp 1.0 1.0 1.8 1.8 1.0 2.0
2-122 LCA300K Internal Macracells Flip-Flops

10/93 © 1992, 1993 LS! Logic Corp. Proprietary information




B 5304804 0014835 Te2 MELLC
fd3s
D Flip-Flop with Clear, Set, and Scan

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fd3s 11 cp_to_q tpLH 1.01 1.10 1.26 1.43 1.61

tpHL 1.02 1.07 1.16 1.24 1.32
cp_to_gn tpLH 1.38 1.46 1.63 1.80 1.98
tpHL 1.12 1.17 1.26 1.34 1.42
cd_to_gn tpLH 1.04 1.13 1.30 1.47 1.65
tpHL 1.04 1.13 1.30 1.47 1.65
cd_to_q tpLH 0.68 0.73 0.82 091 0.99
tpHL 0.68 0.73 0.82 091 0.99
sd_to_q tpLH 1.12 1.20 1.37 1.54 1.72
tpHL 0.89 0.98 1.14 131 1.49
sd_to_gn tpLH 0.86 091 1.00 1.08 1.16
tpHL 0.86 0.91 1.00 1.08 1.16
fd3sp 12 cp_to_q tpLH 1.01 1.05 1.13 1.22 1.30
tpHL 1.02 1.06 1.1 1.16 1.20
cp_to_gn tpLH 1.42 1.48 1.57 1.66 1.74

tpHL 1.18 1.21 1.27 1.31 1.36
cd_to_gn tpLH 1.13 1.18 127 1.36 1.44
tpHL 1.13 1.18 1.27 1.36 1.44

cd_to_q tpLH 0.72 0.76 0.81 0.86 0.90
tpHL 0.72 0.76 0.81 0.86 0.90
sd_to_q tpLH 121 1.26 1.34 142 1.51
tpHL 1.01 1.06 1.14 1.22 1.31
sd_to_gn tpLH 0.89 0.92 0.98 1.03 1.07
' tpHL 0.89 0.92 0.98 1.03 1.07
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fd3s

D Flip-Flop with Clear, Set, and Scan

Timing Constraints:

Version Parameters Value Version Parameters Value
fd3s d_setup 0.55 fd3sp d_setup 0.55
d_hold 0.00 d_hold 0.00

ti_setup 0.55 ti_setup 0.55

ti_hold 0.00 ti_hold 0.00

te_setup 0.55 te_setup 0.55

te_hold 0.00 te_hold 0.00

cp_pw0 0.55 cp_pw0 0.55

cp_pwl 0.53 cp_pwl 0.53

cd_revry -0.53 cd_revry -0.50

cd_hold 0.86 cd_hold 0.86

sd_rcvry -0.20 sd_rcvry -0.20

sd_hold 0.61 sd_hold 0.61
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B 5304404 0OOL4837 &8T5 MELLC
fd4
D Hip-Flop with Set

Name: fd4 Description: D Flip-Flop with Set
Coding Syntax: u(q,qn)=fd4*(d,cp,sd)
Logic Symbol: Schematics:
b d —{>0—qn
sd cp [ L 3
-
=
2 pd
L d —DO— q
—_— o_.
>cp qn T =
sd —
Truth Table:
d c¢p sd| q gqn
o T 1|0 1
| S N
X X 0 1
Loading Characteristics:
Values stated in standard loads.
Version d cp sd
fd4 1.0 1.0 1.7
fddp 1.0 1.0 1.8
AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fa4 8 cp_to_ tpLH 0.96 1.04 1.20 1.37 1.55
tpHL 1.03 1.08 1.17 1.25 1.33

cp_to_qn tpLH 1.24 1.33 1.49 1.66 1.84
tpHL 1.07 1.11 1.20 1.29 1.37
sd_to_q tpLH 1.01 1.09 125 142 1.60
tpHL 1.01 1.09 125 1.42 1.60
sd_to_qn tpLH 0.84 0.88 0.97 1.06 1.14
tpHL 0.84 0.88 0.97 1.06 1.14
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fdd
D Flip-Flop with Set

AC Characteristics: (Cont.)

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16

fd4p 9 cp_to_t tpLH 0.94 0.98 1.06 1.14 1.23
tpHL 1.03 1.07 1.12 1.17 1.21

cp_to_qn tpLH 1.29 1.34 1.42 1.50 1.59

tpHL 1.10 1.14 1.19 1.24 1.28

sd_to_q tpLH 1.09 1.13 1.21 1.29 1.38

tpHL 1.09 1.13 1.21 1.29 1.38

sd_to_gn tpLH 0.87 0.90 0.96 1.00 1.05

tpHL 0.87 0.90 0.96 1.00 1.05

Timing Constraints:

Version Parameters Value Version Parameters Value
fd4 d_setup 0.31 fd4p d_setup 0.31
d_hold 0.07 d_hold 0.06

cp_pw0 0.38 cp_pw0 0.37

cp_pwl 0.49 cp_pwl 0.49

sd_rcvry -0.20 sd_rcvry -0.20

sd_hold 0.36 sd_hold 0.36
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fdds
D Flip-Flop with Set, Scan

Name: fd4s Description: D Flip-Flop with Set, Scan
Coding Syntax: u(q,qn)=fd4s*(d,cp,sd,ti,te)
Logic Symbol: Schematics:
(L d
| +—>0— gn
—d sd g}|— c©p = L’]L ‘
—Pcp i — j& by T
te — RS Ry
k 5 >0
¢ q
— te qn T T
&
sd
Truth Table:
d 6 te cp sd| q gqn
6 x o T 1/l0 1
1 o T 1|1 o0
X 1 T 110 1
x I 1 T 1|1 o0
X X X X 0 1 0
Loading Characteristics:
Values stated in standard loads.
Version d cp sd 4 te
fdds 1.7 1.0 1.8 1.0 2.0
fd4sp 1.0 1.0 1.8 1.0 2.0
AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Dehly Standard Loads
Version Count Path Output 2 4 8 12 16
fdds 10 cp_to_gn tpLH 1.24 1.33 1.49 1.66 1.84

tpHL 1.07 1.11 1.20 1.29 1.37
cp_to_q tpLH 0.96 1.04 1.20 1.37 1.55
tpHL 1.03 1.08 1.17 1.25 1.33
sd_to_qgn tpLH 0.84 0.88 0.97 1.06 1.14
tpHL 0.84 0.88 0.97 1.06 1.14
sd_to_q tpLH 1.01 1.09 1.25 142 1.60
tpHL 1.01 1.09 1.25 142 1.60
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fdds
D Flip-Flop with Set, Scan

AC Characteristics: {Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fd4sp 11 cp_to_gn tpLH 1.29 1.34 1.42 1.50 1.59
tpHL 1.10 1.13 1.19 1.24 1.28
cp_to_ tpLH 0.94 0.98 1.06 1.14 1.22
tpHL 1.03 1.07 1.12 1.17 1.21

sd_to_qn tpLH 0.87 0.90 0.96 1.00 1.05
tpHL 0.87 0.90 0.96 1.00 1.05
sd_to_q tpLH 1.09 1.13 1.21 1.29 1.38
tpHL 1.09 1.13 1.21 1.29 1.38

Timing Constraints:

Version Parameters Value Version Parameters Value
fd4s d_setup 0.57 fd4sp d_setup 0.57
d_hold 0.00 d_hold 0.00
ti_setup 0.57 ti_setup 0.57
ti_hold 0.00 ti_hold 0.00
te_setup 0.57 te_setup 0.57
te_hold 0.00 te_hold 0.00
cp_pw0 0.57 cp_pw0 0.57
cp_pwl 0.49 cp_pwl 0.49
sd_rcvry -0.19 sd_rcvry -0.19
sd_hold 0.69 sd_hold 0.69
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fdn1
D Flip-Flop
Name: fdnl Description: D Flip-Flop
Coding Syntax: u(q,qn)=fdn1*(d,cpn)
Logic Symbol: Schematics:
d - P
—d q — cpn L <5
<
RS
—obepn  qn [— Nor |
Truth Table:
d cpn) g gqn
o <
1 Y1 oo

Loading Characteristics:
Values stated in standard loads.

Version d cpn
fdnl 10 1.0
fdnlp 1.0 1.0

AC Characteristics:

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Qutput 2 4 8 12 16
fdnl 7 cpn_to_q tpLH 0.98 1.05 1.22 1.39 1.57

tpHL 0.95 1.00 1.09 1.17 1.25
cpn_to_gn tpLH 1.09 1.17 1.33 1.51 1.69
tpHL 1.08 1.13 1.22 1.30 1.38
fdnlp 8 cpn_to_q tpLH 0.95 1.00 1.08 1.16 1.24
tpHL 0.95 0.98 1.04 1.09 1.13
cpn_to_qgn tpLH 1.13 1.17 1.25 133 1.41
tpHL 1.12 1.15 1.21 1.25 1.30
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fdn1

D Flip-Flop

Timing Constraints:

Version Parameters Value Version Parameters Value
fdnl d_setup 0.35 fdnlp d_setup 0.35
d_hold 0.10 d_hold 0.10
cpn_pwl 0.47 cpn_pwl 0.47
cpn_pw0 0.42 cpn_pw0 042
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fdn2

D Flip-Flop with Clear

Name: fdn2 Description: D Flip-Flop with Clear
Coding Syntax: u(q,qn)=fdn2*(d,cpn,cd)
Logic Symbol: Schematics:
d — >0
d q ¢p __X? qn
—Pepn qn P— %
cj(’i q
cd
Truth Table:
d cpn cd| q ¢qn
o L 1]o0
1 L 11 o0
X X 010
Loading Characteristics:
Values stated in standard loads.
Version d cpn cd
fdn2 1.0 1.0 1.8
fdn2p 1.0 1.0 1.8
AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fdn2 8 cpn_to_q tpLH 1.04 1.13 1.30 1.47 1.65
tpHL 0.95 1.00 1.09 1.17 1.26
cpn_to_qn | tpLH 1.19 1.27 1.44 1.60 1.78

tpHL 1.15 1.20 1.29 1.37 1.45
cd_to_gn tpLH 0.91 1.00 1.16 1.33 1.51
tpHL 0.91 1.00 1.16 1.33 1.51
cd_to_q tpLH 0.68 0.73 0.82 0.90 0.98
tpHL. 0.68 0.73 0.82 0.90 0.98
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fdn2
D Flip-Flop with Clear

AC Characteristics: (Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fdn2p 9 cpn_to_q tpLH 1.03 1.08 1.16 1.25 1.33

tpHL 0.95 0.99 1.04 1.09 1.13
cpn_to_qn tpLH 1.23 1.27 1.36 1.44 1.52
tpHL 1.20 1.24 1.30 1.34 1.39
cd_to_qn tpLH 0.99 1.04 1.13 1.21 1.29
tpHL 0.99 1.04 1.13 121 1.29
cd_to_q tpLH 0.72 0.75 0.81 0.85 0.90
tpHL 0.72 0.75 0.81 0.85 0.90

Timing Constraints:

Version Parameters Value Version Parameters Value
fdn2 d_setup 0.28 fdn2p d_setup 0.28
d_hold 0.00 d_hold 0.00
cpn_pw0 0.28 cpn_pw0 0.28
cpn_pwl 0.51 cpn_pwl 0.51
cd_rcvry -0.47 cd_rcvry -0.34
cd_hold 0.74 cd_hold 0.74
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fdn2s

D Flip-Flop with Clear, Scan

Name: fdn2s Description: D Flip-Flop with Clear, Scan
Coding Syntax: u(q,gn)=fdn2s*(d,cpn,cd,ti,te)
Logic Symbol: Schematics:
d
d q— D -
e n
—p> cpn cpn s q
— i (i Lj& |
B M S 1 Bl
ch U = a
&
cd
Truth Table:
d i te cpn cd| q qn
o x 0 L 1]o0 1
1 o 1 11 o
X 1 4 110 1
X | U O
X X X X 0 0 1
Loading Characteristics:
Values stated in standard loads.
Version d cpn cd ) te
fdn2s 0.9 1.0 1.8 1.0 1.9
fdn2sp 09 1.0 1.8 1.0 1.9
AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Delay Standard Loads
Version Count Path Quiput 2 4 8 12 16
fdn2s 10 cpn_to_gn tpLH 1.19 1.27 143 1.60 1.78
tpHL 1.15 1.20 1.29 1.37 1.45
cpn_to_q tpLH 1.04 1.13 1.30 1.47 1.65
tpHL 0.95 1.00 1.09 1.17 1.26
cd_to_gn tpLH 091 0.99 1.16 1.33 1.51
tpHL 091 0.99 1.16 1.33 1.51
cd_to_q tpLH 0.68 0.73 0.82 0.90 0.98
tpHL 0.68 0.73 0.82 0.90 0.98
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fdn2s

D Flip-Flop with Clear, Scan

AC Characteristics: (Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path QOutput 2 4 8 12 16
fdn2sp 11 cpn_to_qn tpLH 1.23 1.27 1.36 1.44 1.52
tpHL 1.20 1.24 1.30 1.34 1.39
cpn_to_q tpLH 1.03 1.08 1.16 1.24 1.33

tpHL 0.95 0.99 1.04 1.09 1.13
cd_to_gn tpLH 0.99 1.04 1.13 1.21 1.26
tpHL 0.99 1.04 1.13 1.21 1.29
cd_to_q tpLH 0.72 0.75 0.31 0.86 0.90
tpHL 0.72 0.75 0.81 0.86 0.90

Timing Constraints:

Version Parameters Value Version Parameters Value
fdn2s d_setup 0.51 fdn2sp d_setup 0.51
d_hold 0.00 d_hold 0.00

ti_setup 0.51 ti_setup 0.51

ti_hold 0.00 ti_hold 0.00

te_setup 0.51 te_setup 0.51

te_hold 0.00 te_hold 0.00

cpn_pw0 0.51 cpn_pw0 0.51

cpn_pwl 0.51 cpn_pwl 0.51

cd_revry -0.47 cd_rcvry -0.34

cd_hold 0.74 cd_hold 0.74
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D Flip-Flop with Synchronous Clear

Name: fds2 Description: D Flip-Flop with Synchronous Clear
Coding Syntax: u(q,qn)=fds2*(d,cp,cr)
Logic Symbol: Schematics:
d
o L P
e e 2 2 Po—m
—Dep 5 1 | g_
—der T S ; a
Truth Table:
d o cp| q gn
x 0 T|lo 1
0 X T 0
1 1 T|1 o

Loading Characteristics:
Values stated in standard loads.

Version d cp cr
fds2 1.0 1.0 1.0
fds2p 1.0 1.0 1.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Quiput 2 4 8 12 16
fds2 7 cp_to_q tpLH 0.96 1.04 121 137 1.56
tpHL 0.99 1.04 1.13 1.22 1.29
cp_to_qn | tpLH 1.14 122 1.38 1.55 1.73
tpHL 1.07 1.12 1.20 1.28 1.36
fds2p 8 Cp_to_t tpLH 0.94 0.99 1.06 1.14 1.23
tpHL 0.99 1.03 1.08 1.13 1.17
cp_to_qn tpLH 1.17 121 1.29 1.37 1.45
tpHL 1.11 1.14 1.19 1.24 1.29
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D Flip-Flop with Synchronous Clear

M 5304804 DOL48u48 bAD EMLLC

Timing Constraints:

Version Parameters Value Version Parameters Value
fds2 d_setup 043 fds2p d_setup 0.48
d_hold 0.29 d_hold 0.29
cr_setup 0.43 cr_setup 0.48
cr_hold 0.29 cr_hold 0.29
cp_pw0 0.45 cp_pw0 0.53
cp_pwl 0.47 cp_pwl 047
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fds2l
D Flip-Flop with Synchronous Clear and Load
Name: fds2l Description: D Flip-Flop with Synchronous Clear and Load
Coding Syntax: u(q,qn)=fds21*(d,cp,cr,1d)
Logic Symbol: Schematics:
d
—Id
qn P— T3 ’i
—Jcr q
T
Py
Truth Table:
d ld cr c¢p | q 4qn
0 1 x T]o
1 1 1 T |1 o0
X 0 1 T q qn
x x 0 Tlo 1
Loading Characteristics:
Values stated in standard loads.
Version d cp cr ld
fds21 1.0 1.0 1.0 1.0
fds2lp 1.0 1.0 1.0 1.0
AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Delay Standard Loads
Version Count Path QOutput 2 4 8 12 16
fds21 10 cp_to_t tpLH 0.95 1.03 1.19 1.36 1.55
tpHL 0.98 1.03 1.12 1.20 1.28
cp_to_qn | tpLH 1.16 124 1.40 157 1.75
tpHL 1.08 1.13 1.22 1.30 1.38
fds2lp 11 cp_to_t tpLH 0.93 0.97 1.05 1.13 1.21
tpHL 0.98 1.01 1.07 1.12 1.16
cp_to_gn tpLH 1.19 1.23 1.31 1.39 1.48
tpHL 1.12 1.15 1.21 1.26 1.30
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fds2l

D Flip-Flop with Synchronous Clear and Load

B 5304804 0014850 239 MNLLC

Timing Constraints:

Version Parameters Value Version Parameters Value
fds21 d_setup 0.99 fds2lp d_setup 0.95
d_hold -0.25 d_hold -0.25
cr_setup 0.92 cr_setup 0.88
cr_hold -0.18 cr_hold -0.18
1d_setup 0.99 1d_setup 0.95
1d_hold -0.25 1d_hold -0.25
cp_pw0 042 cp_pw0 0.42
cp_pwl 0.47 cp_pwl 0.47
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B 5304804 0OOL4A5) 175 EELLC
fds2sl

D Flip-Flop with Enable, Synchronous Clear and Scan

Name:  fds2sl Description: D Flip-Flop with Enable, Synchronous Clear and Scan
Coding Syntax: u (q,qn) = fds2sl* (d,cp,crtld,ti,te)
Logic Symbol: Schematics:
L = an
d - Id J—l x——i _ Ty
g @ d— o 3 . bcp 4P
e ort Lop o
-1 ¢ te Do— 4 g
i Wy 1% L
— te cp

Truth Table:
d ¢ crt ld 6 te| q gqn
o T o 1 x 0|0 1
1 T o 1 0|1 0
x T o0 o 10 1
x T 0 o0 171 0
x T 1 x x o]0 1
x T 0 0 x 0]|q aqn
Loading Characteristics:
Values stated in standard loads.
Version d cp crt id 4 te
fds2sl 1.0 1.0 1.0 1.5 32 2.0
fds2slp 1.0 1.0 1.0 1.5 32 2.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fds2sl 11 cp_to_qn tpLH 1.18 1.25 143 1.61 1.81
tpHL 1.17 1.20 1.26 1.33 1.41
cp_to_ tpLH 1.00 1.08 1.25 1.44 1.63
tpHL 1.11 1.13 1.20 1.27 1.34
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M 5304404 0014852 001 WMLLC
fds2sl

D Flip-Flop with Enable, Synchronous Clear and Scan

AC Characteristics: {Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fds2slp 12 cp_to_gn tpLH 1.23 1.26 1.33 1.42 151
tpHL 1.23 1.25 1.28 1.31 1.34
cp_to_q tpLH 1.00 1.03 1.10 1.17 1.26
tpHL 1.15 1.17 1.19 1.22 1.25
Timing Constraints:
Version Parameters Value Version Parameters Value
fds2sl d_setup 1.02 fds2slp d_setup 1.02
d_hold -0.40 d_hold -0.40
crt_setup 0.64 crt_setup 0.64
crt_hold -0.16 cri_hold -0.16
Id_setup 0.77 1d_setup 0.77
1d_hold -0.16 1d_hold -0.16
ti_setup 0.49 ti_setup 0.49
ti_hold 0.11 ti_hold 0.11
te_setup 0.49 te_setup 0.49
te_hold 0.11 te_hold 0.11
cp_pw0 0.60 cp_pw0 0.60
cp_pwl 0.47 cp_pwl 0.47
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M 5304404 D014853 Tud EMELLC
fd1x2

2-Bit D Flip-Flop, Buffered

Name: fdlx2 Description:  2-Bit D Flip-Flop, Buffered
Coding Syntax; u(q0,q1,q0n,q1n)=fd1x2(d0,d1,cp)
Logic Symbol: Schematics:
do q0 di q1
q0n O— ] d q — d q .
— d0
q0— fd1 fd
—d 1
n n
Ly o o "] b
oF q1— qOn qin
cp
Truth Table:
do dl cp | q0 gOn gl gqiln
o o T 1 0 1
o 1 Tlo 1 1 o0
tr o Tj{1 o o 1t
1 1 T|{1 0 1 0
Loading Characteristics:
Values stated in standard loads.
Version do dl cp
fdix2 1.0 1.0 1.0
AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fd1x2 12 cp_to_q0 tpLH 1.09 1.17 1.33 1.50 1.68
tpHL 1.17 1.22 1.31 1.39 1.47
cp_to_qOn tpLH 1.31 1.39 1.55 1.72 1.91
tpHL 1.19 1.24 1.33 141 1.49

cp_toql | tpLH 1.09 1.17 133 1.50 1.68
tpHL 1.17 122 131 139 147
cp_to_qln| tpLH 131 1.39 1.55 172 191
tpHL .19 124 | 133 141 1.49
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B 5304804 DO1485Y4 984 EELLC
fd1x2

2-Bit D Flip-Flop, Butfered

Timing Constraints:

Version Parameters Value
fdix2 d0_setup 0.23
d0_hold 0.24
d1_setup 0.23
di_hold 0.24
cp_pw0 0.47
cp_pwl 047
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M 5304804 0014855 810 N fd22
2-Bit D Flip-Flop, CD, Buffered

Name: fd2x2 Description:  2-Bit D Flip-Flop, CD, Buffered
Coding Syntax: u(q0,q1,q0n,q1n)=fd2x2(d0,d1,cp,cd)
Logic Symbol: Schematics:
wrb- ®© — ®
—1 do qo— —d q d q
— d1 fd2 fd2
Ino— P an e n
—>cp0dqq1_ |- cg 9 p_‘ cd a O—‘
? ep q0n gtn
cd
Truth Table:
d0 dl c¢p cd | q0 qOn ql1 gqin
o o T 10 1 0 1
o 1 T 1{0 1 1 0
1 o T 1|1 o0 0 1
1 1 T 11 0 1 o0
X X X 0 0 1 0 1
Loading Characteristics:
Values stated in standard loads.
Version do di cp cd
fd2x2 1.0 1.0 1.0 3.6
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M 5304804 0014856 757 EMLLC
fd2x2

2-Bit D Flip-Flop, CD, Buffered

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Qutput 2 4 8 12 16
fd2x2 16 cp_to_q0 tpLH 1.16 1.25 1.41 1.59 1.77

tpHL 1.23 1.29 1.39 1.47 1.55
cp_to_q0n tpLH 1.48 1.56 1.72 1.90 2.07
tpHL 1.27 1.32 141 1.49 1.57
cp_to_ql tpLH 1.16 1.25 1.41 1.59 1.77
tpHL 1.23 1.29 1.39 1.47 1.55
cp_to_gln tpLH 1.48 1.56 1.72 1.90 2.07
tpHL 1.27 1.32 1.41 1.49 1.57
cd_to_qOn tpLH 0.91 0.99 1.15 1.32 1.50
tpHL 091 0.99 1.15 1.32 1.50
cd_to_q0 tpLH 0.66 0.72 0.81 0.90 0.98
tpHL 0.66 0.72 0.81 0.90 0.98
cd_to_qln tpLH 091 0.99 1.15 1.32 1.50
tpHL 091 0.99 1.15 1.32 1.50
cd_to_ql tpLH 0.66 0.72 0.81 0.90 0.98
tpHL 0.66 0.72 0.81 0.90 0.98

Timing Constraints:

Version Parameters Value
fd2x2 dO_setup 0.23
d0_hold 0.26
d1_setup 0.23
d1_hold 0.26
cp_pw0 0.49
cp_pwl 0.51
cd_rcvry -0.75
cd_hold 1.00
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B 5304804 DOL4857 L93 EELLC

fd3x2
2-Bit D Flip-Flop, CD, SD, Buffered
Name: fd3x2 Description:  2-Bit D Flip-Flop, CD, SD, Buffered
Coding Syntax: u(q0,q1,q0n,q1n)=fd3x2(d0,d1,cp,cd,sd)
Logic Symbol: Schematics:
(g sd
do J) q0 di CL ql
sd
qOno— |_d sd __J Ld sd ___|
— do 40— q q
— fd3 fd3
>cp >cp
glnp— an an
—P>ep q] N |7 Cg O—-‘ [7 Cd) O_]
E? e g0n qin
cd
Truth Table:
d0 dl cp cd sd | q0 qOn gl gqln
o o T 1 1]/]0 1 0 1
o 1 T 1 1|0 1 1 0
1 o T 1 1|1 0o o 1
1 1 T 1 1|1 0 1 0
X X X 0 1 0 1 0 1
X X X 1 0 1 0 1 0
X X X 0 0 0 0 0 0
Loading Characteristics:
Values stated in standard loads.
Version do di cp cd sd
fd3x2 1.0 1.0 1.0 3.6 3.6
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Qua0Y 00L4858 527 EELLC
fd3x2 W 53

2-Bit D Flip-Flop, CD, SD, Buffered

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Stan(iard l:oads
Version Count Path Output 2 4 8 12 16
fd3x2 18 cpto any q tpLH 1.21 1.29 1.45 1.62 1.81

tpHL 1.20 1.25 1.34 1.43 1.51
cd to any q tpLH 0.68 0.73 0.82 0.90 0.99
tpHL 0.68 0.73 0.82 0.90 0.99
sd to any q tpLH 1.12 1.20 1.36 1.53 1.72
tpHL 1.12 1.20 1.36 1.53 1.72
cp to any gn tpLH 1.50 1.59 1.76 1.93 2.11
tpHL 1.25 1.30 1.39 1.47 1.56
cd to any gqn tpLH 0.98 1.07 1.24 1.41 1.59
tpHL 0.98 1.07 1.24 1.41 1.59
sd to any qn tpLH 0.86 0.91 0.99 1.08 1.16
tpHL 0.86 091 0.99 1.08 1.16

Timing Constraints:

Version Parameters Value
fd3x2 Any d setup 0.23
Any d hold 0.25

cp_pw0 0.47

cp_pwl 0.49

cd_rcvry -0.70

cd_hold 1.08

sd_rcvry -0.31

sd_hold 0.37
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BN 5304804 0014859 4bb EELLC
fddx2

2-Bit D Flip-Flop, SD, Buffered

Name: fd4x2 Description:  2-Bit D Flip-Flop, SD, Buffered
Coding Syntax: u(q0,q1,q0n,q1n)=fd4x2(d0,d1,cp,sd)
Logic Symbol: Schematics:
qonb— d?_ q0 dL ql
—1 do q0— d q d q
— d fd4 fd4
L. dinp— PP g T g
— cde q1— l/ s% O—’ \ s% o_’
? e q0n qin
sd
Truth Table:
do dl cp cd| q0 qOn gl gqln
o o T 1]/0 1 0 1
o 1 T 1/10 1 1 o0
1 o T 1|1 o0 0 1
1 1+ T 1]1 0 1 o0
X X X 0 0 1 1 0

Loading Characteristics:
Values stated in standard loads.
Version do d1 cp sd

fd4x2 1.0 1.0 1.0 36

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fd4x?2 16 Anycptoq tpLH 1.09 1.17 1.33 1.50 1.68

tpHL 121 1.26 135 1.44 1.52
Any cp to gn tpLH 143 1.51 1.68 1.85 2.03
tpHL 1.20 1.25 1.33 1.42 1.50
Anysdtoq tpLH 1.00 1.08 1.25 142 1.60
tpHL 1.00 1.08 1.25 1.42 1.60
Any sd to qn tpLH 0.84 0.89 0.97 1.06 1.14
tpHL 0.84 0.89 0.97 1.06 1.14
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B 5304804 0014860 188 EELLC
fdax2
2-Bit D Flip-Flop, SD, Buffered

Timing Constraints:

Version Parameters Value
fd4x2 Any d setup 0.22
Any d hold 0.24
cp_pw0 0.46
cp_pwl 0.49
sd_rcvry -0.37
sd_hold 0.42
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B 5304404 OOlu48LL Oly WELLC

fd1x4
4-Bit D Flip-Flop, Buffered
Name: fdix4 Description:  4-Bit D Flip-Flop, Buffered
Coding Syntax: u(q0,q1,92,93,90n,q1n,q2n,q3n)=~fd1x4(d0,d1,d2,d3,cp)
Logic Symbol: Schematics:
o o R o e
— di q;’I‘O_: fd1 fd1 fd1 fd1
| :2 ngo__ >cp N >ep 90 Pep P —ep NPT
—p>cp  @Bnpo— cp |7 q0n ’7 aln !7 qZn F a3n
B3
Truth Table:
d0 dlI d2 d3 cp |q0 qOn ql qln q2 q2n q3 ¢3n
o 0 o o T|lo 1 o 1 0 1 o0 1
6 o o 1 T|lo 1 0o 1 o 1 1 0
o o 1 o T|lo 1 o 1 1 0 0 1
o o o 1 T|Jo 1 o 1 1 0 1 0
o 1 0 o T|lo 1 1 o0 0 1 0 1
o 1 0 1t T|lo 1 1 o0 0 1 1 0
o 1 1 o T|lo 1 1 o 1t o0 0 1
o 1 1 1 T|lo 1 1 o 1 O 1 O
1 o o o T|{1 o o0 1 0 1 0 1
1 0 o 1 Ti1 0o o0 1 0 1 1 0
1 o 1 o T{1 o0 o0 1 1 0 0 1
1 0 1 1 T|1 o o 1t 1 o0 1 0
1 1 o0 o T|1 o 1 o0 0 1 0 1
1 1 o0 1 T|1 o 1 0 O 1 1 0
1 11 o T|1 0o 1 0 1 0 0 1
1 1t 1 1 T|{1r o 1 0 1 O 1 O
Loading Characteristics:
Values stated in standard loads.
Version do dl d2 d3 cp
fd1x4 1.0 1.0 1.0 1.0 19
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B 5304804 00l48ke TS50 EELLC
fd1x4
4-Bit D Flip-Flop, Buffered

AC Characteristics:

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fd1x4 24 cpto any q tpLH 1.05 1.13 1.30 147 1.65

tpHL 1.12 1.17 1.26 1.34 1.42
cp to any gn tpLH 1.26 1.34 1.51 1.67 1.86
tpHL 1.16 1.21 1.29 1.38 1.46

Timing Constraints:

Version Parameters Value
fd1x4 Any d setup 0.24
Any d hold 0.22
cp_pw0 0.46
cp_pwl 047
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B 5304804 0ODLUYAL3 997 EELLC

fd2x4
4-Bit D Flip-Flop, CD, Buffered
Name: fd2x4 Description: ~ 4-Bit D Flip-Flop, CD, Buffered
Coding Syntax: u(q0.q1,92.93,q0n,q1n,q2n,q3n)=fd2x4(d0,d1,d2,d3,cp,cd)
Logic Symbol: Schematics:
| a0np— d0 0 di ol @2 42 d3 03
_:‘]’ q?go_ Lo o Yo o Ug oM L 1
B g:‘ - fd2 fd2 fd2 fd2
— @ e r“édq"ﬁ r"’édq"ﬁ i " r“édq"ﬁ
—Pcp q3npo— 7 q0n 7 gqin 7 q2n T g3n
cd B gg
7
Truth Table:
d0 dlI d2 d3 cp cd | q0 qOn ql qln q2 q2n ¢3 gq3n
o 0o o o T 1]0 1 0 1 0O 1 0 1
o o o 1 T 1}0 1 0 1 0 1 1 0
o o t o T 1]0 1 o0 1 1 0 0 1
o o 1 1 T 1]/]0 1 0 1 1 0 1 0
o 1 0 o T 1]0 1 1 o0 o0 1 0 1
6o 1 o 1 T 170 1 1 0 0 1 1 o0
6 1 1 o T 1]0 1 1 0o 1 0 0 1
o 1 1 1 T 1/]0 1 1 0 1 0 1 0
tr 0 o o T 1|1 o0 0 1 0 1 0 1
1 o o 1 T 1|1 0 o0 1 0 1 1 0
1 o 1 o T 1|1 o0 0 1 1 0 o0 1
tr o 1 ¢+ T 1|1 0 o0 1 1 0 1 0
i 10 o T 1|1 o 1 0 0 1 0 1
1+ o 1 T 1]1 0 1 0 o0 1 1 0
1 1t o T 1|1 0 1 0 1 0 0 1
1 1 1 1 T 1]t o0 1 O 1 O 1 O
X X X X X 0 0 1 0 1 0 1 0 1
Loading Characteristics:
Values stated in standard loads.
Version do dl d2 d3 cp cd
fd2x4 1.0 1.0 1.0 1.0 1.9 73
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B 5304804 0OL48L4 823 MELLC

fd2x4
4-Bit D Flip-Flop, CD, Buffered

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fd2x4 31 cpto any q tpLH 1.13 1.22 1.38 1.55 1.74
tpHL 1.18 1.24 1.34 1.42 1.50
cp to any qn tpLH 1.43 1.52 1.68 1.85 2.03
tpHL 1.24 1.29 1.38 1.46 1.54

cd to any gqn tpLH 0.91 0.99 1.15 1.33 1.50
tpHL 091 0.99 1.15 1.33 1.50
cd to any q tpLH 0.66 0.72 0.82 0.90 0.98
tpHL 0.66 0.72 0.82 0.90 0.98

Timing Constraints:

Version Parameters Value
fd2x4 Any d setup 0.24
Any d hold 0.22

cp_pw0 0.46

cp_pwl 0.51

cd_rcvry -0.64

cd_hold 0.97
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ER 5304804 0DluaLS 7?LT EMLLC
fd3x4

4-Bit D Flip-Flop, CD, SD, Buffered

Name: fd3x4 Description:  4-Bit D Flip-Flop, CD, SD, Buffered
Coding Syntax: u(q0,91,92,93,90n,q1n,q2n,q3n)=fd3x4(d0,d1,d2,d3,cp,cd,sd)
Logic Symbol: Schematics:
4
. dOSd oo “ @ Loa | ga [ @ & I
d sd g d sd g d sd g d sd g
] j; e fd3 fd3 fd3 fd3
o— >c >c >c >c
—w B 17 ggqno" r Fc’q‘"‘o‘; ( Fc’(d“”"] ( Féd“""‘|
—Ppcp g3nb— cp q0n qin q2n T q3n
cd ¥ cd
7
Truth Table:
d0 dlI d2 d3 cp cd sd | q0 gOn gl qln q2 q2n q3 4¢3n
o o o o T 1 1|0 1 0 1 0 1 0 1
o o o 1 T 1 1/0 1 0 1 0O 1 1 0
o o 1 o T 1 10 1 0 1 1 0 0 1
o o 1 1 T 1 1]/0 1 0 1 1 0 1 0
o 1 o o T 1 1}/0 1 1 o 0 1 0 1
o 1t o 1 T 1 1]/0 1 1 0 0 1 1 0
o 1 1 o T 1 1/0 1 1 0 1 0 0 1
o 1 1 1 T 1 1{0 1 1 O 1 0 1 O
tr o o o T 1 1|1 0o 0 1 0 1 0 1
t o o 1 T 1 1]1 o0 o 1 0 1 1 0
t o 1 o T 1 1|1 o0 0 t 1 0 0 1
1t o 1 1 T 1 1]/]1 0o © 1 1 0 1 O
1 10 o T 1 1|1 o0 1 0 o0 1 0 1
1 1 0 1 T 1 1{1 o 1 o0 © 1 1 0
1 1 1 o T 1 1|1 o0 1 0 1 0 0 1
tr 1 1 1 T 1 1|1 0 1 0 1 0 1 0O
X X X X X 0 1 0 1 0 1 0 1 0 1
X X X X X 1 0 1 0 1 0 1 0 1 0
X X X X X 0 0 0 0 0 0 0 0 0 0
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B 5304804 O0L4AbLb bTh EELLC
fd3x4

4-Bit D Flip-Flop, CD, SD, Buffered

Loading Characteristics:
Values stated in standard loads.
Version do di dz d3 cp cd sd

fd3x4 1.0 1.0 1.0 1.0 1.9 7.2 72

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version | Count Path Output 2 4 8 12 16
fd3x4 35 cpto any q tpLH 1.18 1.26 1.42 1.59 1.77
tpHL 1.15 1.20 1.29 1.38 1.46
cd to any q tpLH 0.68 0.73 0.82 091 0.99

tpHL 0.68 0.73 0.82 091 0.99
sd to any q tpLH 1.12 1.20 1.36 1.53 1.71
tpHL 1.12 1.20 1.36 1.53 1.7
cp to any qn tpLH 1.45 1.54 1.71 1.88 2.06
tpHL 1.22 127 1.36 1.44 1.53
cd to any qn tpLH 0.98 1.07 1.24 1.41 1.59
tpHL 098 1.07 124 1.41 1.59
sd to any qn tpLH 0.86 0.91 1.00 1.08 1.16
tpHL 0.86 091 1.00 1.08 1.16

Timing Constraints:

Version | Parameters Value
fd3x4 Any d setup 023
Any d hold 0.21

cp_pwl 0.49

cp_pw( 0.44

cd_hold 1.00

cd_rcvry -0.63

sd_hold 0.37

sd_rcvry -0.31
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M 5304804 00lL48L7 532 EMMLLC
fdax4

4-Bit D Flip-Flop, SD, Buffered

Name: fd4x4 Description:  4-Bit D Flip-Flop, SD, Buffered
Coding Syntax: u(q0.,q1,92,93,90n,q1n,q2n,q3n)=fd4x4(d0,d1,d2,d3,cp,sd)
Logic Symbol: Schematics:
co—
— o o ar qfﬂdp_d q[ﬁdlz—d qq—zjds'—ﬂ qﬁ
— j; q;qo_: fd4 fd4 fd4 fd4
— @ “ﬁgt rchd il Fn%d) il ’7>cggq" P ’7>c§d Ll
—b>cep  @dnp— cp g0n gin 42n g3n
sg B sd
7
Truth Table:
do dl d2 d3 c¢p sd | q0 qOn ql gqln q2 q2n g3 q3n
o o o o T 1]/0 1 0o 1 0 1 o0 1
o o o 1 T 1}0 1 O 1 O 1 1 0
6 0 1 o T 1]0 1 0 1 1 0 0 1
o 0o 1 1 T 110 1 0o 1 1 0 1 0
o 1 o o T 1/0 1 1 o0 o0 1 0 1
o 1 o 1 T 10 1 1 0 O 1 1 0
o0 1 1 o T 10 1 1 o 1 0 0 1
o 1 1 1 T 1{0 1 1 0 1 0 1 0
1 ¢ o o T 11 o o0 1 0 1 0 1
1 o o 1 T 1t]/1 0o o0 1 0 1 1 0
1 o 1 o T 1|1 o0 o 1 1 0 o0 1
1 o 1 1 T 1|1 o0 o 1 1 O 1 ©
tr 1t 0 o T 1f{1 o 1 0o o 1 o0 1
t1 1 o 1 T 1|1 o 1 o 0 1 1 0
t 11 o T 1|1 o 1 0 1 0 0 1
1 1 1 1 T 1{1 o 1 o©0 1 O 1 O
X X X X X 0 1 0 1 0 1 0 1 0
Loading Characteristics:
Values stated in standard loads.
Version do dl d2 d3 cp sd
fdaxa 1.0 1.0 10 1.0 19 72
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B 5304804 DOLYALA 479 EELLC
fdax4

4-Bit D Flip-Flop, SD, Buffered

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds, Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version | Count Path Output 2 4 8 12 16
fd4x4 31 sd to any q tpLH 1.00 1.08 1.25 1.42 1.60

tpHL 1.00 1.08 1.25 1.42 1.60
cp to any q tpLH 1.06 1.14 1.30 1.47 1.65
tpHL 1.16 1.21 1.30 1.39 1.47
cp to any qn tpLH 1.38 1.46 1.62 1.80 1.98
tpHL 1.17 1.21 1.30 1.39 1.47
sd to any qn tpLH 0.83 0.88 0.97 1.06 1.14
tpHL 0.83 0.88 0.97 1.06 1.14

Timing Constraints:

Version Parameters Value
fd4x4 Any d setup 0.23
Any d hold 0.23
cp_pw0 0.46
cp_pwl 049
sd_rcvry -0.29
sd_hold 0.31
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B 5304804 0014869 305 MELLC
fdixal
4-Bit D Flip-Flop, Buffered

Name: fdlx4l Description:  4-Bit D Flip-Flop, Buffered
Coding Syntax: u(q0,q1,92,93,90n,q1n,q2n,q3n)=fd1x41(d0,d1,d2,d3,cp)
Logic Symbol: Schematics:
—o W D e e
d q d q d q d q
— 4 alnp— fd1 fd1 fd1 fd1
— 42 qi—
— d3 “f,’z‘t pop TP —pep VP —pop NP —pep P
—>cp q3n— cp ‘7 q0n ’7 qin ’7 q2n (‘ q3n
83—
Truth Table:
dd dl d2 d3 cp | q0 qOn gl gqln q2 q2n q3 g3n
o 0 o o T|lo 1 o 1 o 1 o0 1
o o o 1 T|lo 1 o 1 o0 1 1 0
¢ o 1 o T|lo 1 o 1 1 0 0 1
o o 1 1 T|]o0o 1 o0 1 1 0 1 0
o 1 o o T|]o0o 1 1 o0 0 1 0 1
o 1 0o 1 T]o 1 1 o0 0 1 1 0
o 1 1 o T|]o 1 1 o 1 0 o0 1
o 1 t 1 T]o 1 1 o0 1 0 1 0
1 o 0o o T|1 o o0 1 o0 1 0 1
1 o 0o 1 T|1 o 0 1 0 1 1 o0
1 o 1 o T|1 o o0 1 1 0 0 1
1 ¢ 1 1 T|]1 o o0 1 1 0 1 O
1 10 o T|1 o 1 0 o0 1 0 1
1 1 0o 1 T}{1 o0 1 0 O 1 1 0
1 1 1 o T{1 o 1 0 1 0 O 1
1 1 1 1 T|1 o0 1t 0 1 0 1 0
Loading Characteristics:
Values stated in standard loads.
Version do dl daz d3 cp
fd1x4l 1.0 1.0 1.0 1.0 1.0
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B 5304804 0014870 027 EALLC
fd1x4.

4-Bit D Flip-Flop, Buffered

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fd1x41 23 cp to any q tpLH 1.31 1.39 1.56 1.73 1.91
tpHL 1.49 1.54 1.63 1.71 1.80
cp to any qn tpLH 1.64 1.71 1.88 2.05 2.23
tpHL 1.42 1.47 1.55 1.64 1.72

Timing Constraints:

Version Parameters Value
fdix41 Any d setup 0.04
Any d hold 0.52
cp_pw0 0.56
cp_pwl 047
2-158 LCA300K Internal Macrocells Flip-Flops

10/93 © 1992, 1993 LS! Logic Corp. Proprietary Information




B 5304804 DO14871 Thl EELLC

fd2x4l
4-Bit D Flip-Flop, CD, Buffered
Name: fd2x41 Description:  4-Bit D Flip-Flop, CD, Buffered
Coding Syntax: u(q0,q1,92,93,q90n,q1n,q2n,q3n)=fd2x41(d0,d1,d2,d3,cp,cd)
Logic Symbol: Schematics:
qOno— do q0 d1 gl d2 q2 d3 q3
— do q0— LTy q_l LTy qJ LTy q_l LTy qJ
a :; e fd2 fd2 fd2 fd2
S q§r210: ’7>ng gn D_| l—>cgd gn o_| ’->cgg gn o_| l->cgd gn 01
—>ep a3npo— cp q0n gin q2n g3n
cﬁgj @3 cd
Truth Table:
do dl d2 d3 cp cd | g0 gOn ql qIn q2 g2n q3 ¢3n
o o o o T 1]0 1 o0 1 0 1 0 1
o o o 1 T 1]0 1 0 1 O 1 1 0
o o 1 o T 1/0 1 o0 1 1 0 0 1
o o 1 1 T 1/0 1 o0 1 1 0 1 0
o 1 o0 o T 1({0 1 1 o0 o0 1 0 1
o 1 0o 1 T 1]/]0 1 1 o0 oO0 1 1 o0
o 1 1 o T 1/]0 1 1 o0 1 0 0O 1
6 1 1 1 T 1/]0 1 1 0 1 0 1 0
1 o o o T 1|1 0 o0 1 o0 1 0 1
1 o o 1 T 1|1 o o 1 0 1 1 0
1 o 1t o T 1|1 o0 0 1 1 0 o0 1
1 o 1 1 T 11 o o0 1 1 o0 1 O
t 10 o T 1|1t 0o 1 0 0 1 o0 1
t1 ¢+ o 1 T 1|1 o 1 0 0 1 1 0
1 ¢+ t o T 1|1 o0 1 0 1 0 0 1
1 1 1 1 T 1|1 o0 1 O 1 0 1 0
X X X X X 0 0 1 0 1 0 1 0 1
Loading Characteristics:
Values stated in standard loads.
Version do d1 da2 a3 cp cd
fd2x41 1.0 1.0 1.0 1.0 1.0 73
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B 5304804 0014872 9TT EMLLC
fd2xal

4-Bit D Flip-Flop, CD, Buffered

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Quiput 2 4 8 12 16
fd2x41 30 cptoanyq tpLH 1.39 1.47 1.64 1.81 2.00

tpHL 1.55 1.61 171 1.79 1.87
cdto any q tpLH 0.66 0.72 0.82 0.90 098
tpHL 0.66 0.72 0.82 0.90 0.98
cd to any qn tpLH 091 0.99 1.15 1.32 1.50
tpHL 091 0.99 1.15 1.32 1.50
cp to any gn tpLH 1.80 1.88 2.04 222 2.39
tpHL 1.50 1.55 1.63 1.72 1.80

Timing Constraints:

Version Parameters Value
fd2x4l Any d setup 0.05
Any d hold 0.51
cp_pw0 0.56
cp_pwl 0.51
cd_rcvry -1.02
cd_hold 1.30
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B 5304804 0014873 83 MELLC

fd3x4l
4-Bit D Flip-Flop, CD, SD, Buffered
Name: fd3x41 Description:  4-Bit D Flip-Flop, CD, SD, Buffered
Coding Syntax: u(q0,q1,92,93,q0n,q1n,q2n,q3n)=fd3x41(d0,d1,d2,d3,cp,cd,sd)
Logic Symbol: Schematics:
4 d
] dOSd alno— : "3 L war L gt I e [ e
dsdq—' |—dsdq—J l—dsdq,—J |—dsdq—'
] :; “2"1‘0__ d3 d3 d3 d3
e s (B [T [ e
—bep  gdnp— cp q0n gln g2n T g3n
cd WB— cd
i
Truth Table:
do dl d2 d3 c¢p cd sd | q0 qOn gl qln q2 q2n ¢3 4q3n
o o o o T 1 1]0 1 0 1 0 1 0 1
o o o 1 T 1 1{0 1 0 1 0 1 1 0
o o 1 o T 1 1]l0 1 0 1 1 0 0 1
o o 1 1 T 1 1|l0 1t o0 1 1 0 1 O
o 1 o o T 1 1{0 1t 1 0 0 1 0 1
o 1 o 1 T 1 1|l0 1 1 0 0 1 1 0
o 1 1 o T 1 1]/0 1 1 0 1 0 0 1
o 1 1 1 T 1 1/0 1 1 0 1 o0 1 O
1 o o o T 1 1{]1 o o 1 O 1 0 1
1 o o 1 T 1 1|1 0o o0 1 o0 1 1 0O
1 o 1 o T 1 1|1 o o 1 1 o0 o0 1
1 o 1 1 T 1 11 0o 0 1 1 0 1 0O
t 1.0 o T 1 1|1 o 1 0 0 1 0 1
i1 10 1 T 1 1|1 0o 1 0 O 1 1 O
1 1 1 o T 1 1]l1 0o t o0 1 0 0 1
t 11 1 T 1 141 0 1 o 1 o0 1 0
X X X X X 0 1 0 1 0 1 0 1 0 1
X X X X X 1 0 1 0 1 0 1 0 1 0
X X X X X 0 0 0 0 0 0 0 0 0 0
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B 5304804 0OLu4874 772 EELLC
fd3x4l

4-Bit D Flip-Flop, CD, SD, Buffered

Loading Characteristics:
Values stated in standard loads.
Version do di d2 d3 cp cd sd

fd3x41 1.0 1.0 1.0 1.0 20 72 72

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fd3x41 33 cptoanyq tpLH 1.43 1.52 1.68 1.85 2.03
tpHL 1.53 1.57 1.66 1.75 1.84

cd to any q tpLH 0.68 0.73 0.82 0.90 0.99
tpHL 0.68 0.73 0.82 0.90 0.99

sd to any q tpLH 1.11 1.20 1.36 1.53 1.71
tpHL 1.11 1.20 1.36 1.53 1.71

cp to any qn tpLH 1.88 1.97 2.14 2.31 2.50
tpHL 1.48 1.52 1.63 1.72 1.81

cd to any qn tpLH 1.03 1.12 1.30 1.46 1.65
tpHL 1.03 1.12 1.30 1.46 1.65

sd to any gqn tpLH 0.83 0.88 0.99 1.08 1.16
tpHL 0.83 0.88 0.99 1.08 1.16

Timing Constraints:

Version Parameters Yalue
fd3x41 Any d setup 0.03
Any d hold 0.49
cp_pw( 0.52
cp_pwl 0.49
cd_rcvry -0.97
cd_hold 1.30
sd_rcvry -0.59
sd_hold 0.64
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B 5304304 0014875 LO9 MELLC
fdax4l

4-Bit D Flip-Flop, SD, Buffered

Name: fd4x4l Description:  4-Bit D Flip-Flop, SD, Buffered
Coding Syntax: u(q0,91,92,93.90n,q1n,q2n,q3n)=fd4x41(d0,d1,d2,d3,cp,sd)
Logic Symbol: Schematics:
S qggp; dlo—d qu de cﬂ] dlz_CI q_zJ dl?’—d q3
—{d1  qinp— a a a a
o al— fd4 fd4 fd4 fd4
B q?;;O_v l->cgg gn 01 F>cgg gn o_i lf>cgg qn o_l (>c;s)d gn o—‘
—P>cp  g3np— cp q0n qin a2n q3n
sd W sd
7
Truth Table:
d0 dl d2 d3 cp sd | q0 qOn ql gqin q2 q2n q3 q3n
o o o o T 1]/]0 1 o0 1 O 1 0 1
o 0o o t+ T 170 1 O0 1 O 1 1 0
o o 1t o T 1{0 1 0 1 1 0 o0 1
o o t+ 1 T 1{0 1 O 1 1 0 1 0O
o 1 0 o T 1]l]0 1 1t 0 0 1 o0 1
o 1 o 1 T 1/0 1 1 © 0 1 1 0
o 1 1 o T 1/0 1 1 0 1 0 0 1
o 1 1 1 T 10 1 1 0o 1 0 1 0
1t o o o T 1/1 o0 0o 1 0 1 0 1
1 o o 1 T 1{1 o o 1 0 1 1 0O
1 0 1 o T 14{1 0o 0o 1 1 0 0
1 o 1 1 T 1]/1 o o 1 1 0 1 0
1 1 0 o T 1|t o 1 0 0 1 o0 1
1 1 0 1 T 1|t o 1 O O 1 1 0
1 11 o T 1}1 o 1 0 1 0 o0 1
1 1t 1 T 1|1 o0 1 O 1 O 1 O
X X X X X 0 1 0 1 0 1 0 1 0
Loading Characteristics:
Values stated in standard loads.
Version do d1 daz d3 cp sd
fdaxal 1.0 1.0 1.0 1.0 1.0 12
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fddxal B 5304404 0OOL487L 545 LL

4-Bit D Flip-Flop, SD, Buffered

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Qutput 2 4 8 12 16
fd4x4l 30 sd to any q tpLH 1.00 1.08 1.24 1.41 1.60

tpHL 1.00 1.08 1.24 141 1.60
cpto any q tpLH 1.32 1.40 1.56 1.73 191
tpHL 1.54 1.59 1.68 1.76 1.85
cp to any gn tpLH 1.76 1.84 2.00 2.17 2.35
tpHL 1.42 147 1.56 1.65 1.73
sd to any qn tpLH 0.83 0.88 0.97 1.06 1.14
tpHL 0.83 0.88 0.97 1.06 1.14

Timing Constraints:

Version Parameters Value
fd4x41 Any d setup 0.04
Any d hold 0.50

cp_pw0 0.53

cp_pwl 0.49

sd_rcvry -0.53

sd_hold 0.59
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M 5304804 00L4A877 481 EELLC

fik1
JK Flip-Flop
Name: fjkl Description:  JK Flip-Flop
Coding Syntax: u(q,qn)=fjk1*G.k,cp)
Logic Symbol: Schematics:
e
( — L 3 1
1 th | bk
—bp p _DO_?_"Z ¢ 4
—_— k qn o— ‘ Do-l Py 5_4 [>o_qn
_l_ T
Py
Truth Table:
J k | q gqn
0 0 T|q gn
o 1 T|lo 1
1 o T|1 o
1 1 Tlg gq
Loading Characteristics:
Values stated in standard loads.
Version J k cp
fik1 1.0 0.5 1.0
fiklp 1.0 0.9 1.0
AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Delay Standard Loads
Version Count Path Qutput 2 4 8 12 16
fikl 9 cp_to_q tpLH 0.91 0.99 1.16 1.33 1.51
tpHL 0.87 0.93 1.04 1.13 1.22
cp_to_gn tpLH 1.02 1.09 1.26 1.43 1.61
tpHL 1.03 1.07 1.16 1.24 1.33
fiklp 10 cp_to_ tpLH 0.88 093 1.02 1.10 1.18
tpHL 0.85 0.89 0.96 1.02 1.08
cp_to_qgn tpLH 1.06 1.10 1.18 1.26 1.35
tpHL 1.07 1.11 1.16 1.21 1.25
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fik1 B 5304804 0014878 318 EMELLC
JK Flip-Flop

Timing Constraints:

Version Parameters Value Version Parameters Value
fik1 j_setup 0.58 fiklp j_setup 0.58
j_hold 0.04 j_hold 0.03
k_setup 0.58 k_setup 0.58
k_hold 0.04 k_hold 0.03
cp_pw0 0.63 cp_pw0 0.61
cp_pwl 047 cp_pwl 047
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B 5304804 DODL4879 254 EELLC

fikls
JK Flip-Flop with Scan
Name: fjkls Description:  JK Flip-Flop with Scan
Coding Syntax: u(q,qn)=fjk1s*(j,k,cp.ti,te)

Logic Symbol: Schematics:

k —
—1] qr— 4 DO— n
] cp [ & Lj_ a
—k
s ti vy T
ti _z_
—e wp— = | A
Truth Table:
j k 4 te cp| q gqn
0 0 x 0 T|q an
6 1 x o T|lo 1
1 0 x o T|]1 o0
1 1 x 0 Tlan gq
x x 0 1 Tjlo 1
X X 1 ) 1 0
Loading Characteristics:
Values stated in standard loads.
Version |  j k cp t te
fikls 1.0 0.9 1.0 0.5 1.9
fjk1sp 1.0 09 1.0 1.0 19
AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fikls 11 cp_to_qn tpLH 1.25 1.33 1.49 1.66 1.85
tpHL 1.16 1.21 1.29 1.38 1.46
cp_to_q tpLH 1.05 1.13 1.30 1.47 1.65
tpHL 1.11 1.16 1.26 1.34 1.43
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fikls EW 5304804 0014840 T?L EELLC
JK Flip-Flop with Scan

AC Characteristics: (Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fiklsp 12 cp_to_gn tpLH 1.29 1.33 141 1.49 1.57
tpHL 1.19 1.23 1.28 1.33 1.37
Cp_to_ tpLH 1.02 1.07 1.15 1.23 1.32
tpHL 1.10 1.13 1.20 1.25 1.30

Timing Constraints:

Version Parameters Value Version Parameters Value
fikls j_setup 0.73 fik1sp j_setup 0.75
j_hold -0.09 j_hold -0.09
k_setup 0.73 k_setup 0.75
k_hold -0.09 k_hold -0.09
te_setup 0.58 te_setup 0.56
te_hold 0.07 te_hold 0.06
ti_setup 0.56 ti_setup 0.56
ti_hold 0.09 ti_hold 0.06
cp_pw0 042 cp_pw0 0.43
cp_pwl 0.47 cp_pwl 0.47
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B 5304804 OOL4881 902 EELLC

fjk2
JK Flip-Flop with Clear
Name: fjk2 Description:  JK Flip-Flop with Clear
Coding Syntax: u(q,qn)=fjk2*(j.k,cp,cd)
Logic Symbol: Schematics:
By [
— q— k [ S =y
4 .
—cp by -
cp —>o0— pd )y
—1k cd gn jo— _g_
L . —>o— gn
T | -
¢
cd
Do g
Truth Table:
j k ¢ cd)| q qn
0 0o T 1}|q gqn
o 1 T 110 1
t o T 141 0
1 1 T 1 {gn g
X X X 0 0 1
Loading Characteristics:
Values stated in standard loads.
Version J k cp cd
fik2 1.0 0.9 1.0 1.8
fik2p 1.0 0.9 1.0 1.8
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fik2 B 5304404 00Lu4882 8449 EELLC
JK Flip-Flop with Clear

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=(.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fjk2 10 Ccp_to_q tpLH 0.96 1.06 1.23 1.41 1.59
tpHL 0.88 0.94 1.06 1.15 1.24
cd_to_q tpLH 0.94 1.00 1.12 121 1.30
tpHL 0.94 1.00 1.12 1.21 1.30
cp_to_qn tpLH 1.03 1.11 1.27 1.44 1.62
tpHL 1.08 1.13 1.22 1.30 1.39
cd_to_gn tpLH 1.09 1.17 1.33 1.50 1.68
tpHL 1.09 1.17 1.33 1.50 1.68
fjk2p 11 cp_to_ tpLH 0.95 1.00 1.09 1.18 1.28
tpHL 0.86 0.90 0.98 1.03 1.09
cd_to_q tpLH 0.96 1.00 1.07 1.13 1.19
tpHL 0.96 1.00 1.07 1.13 1.19
cp_to_gn tpLH 1.08 1.12 1.20 1.28 1.36
tpHL 1.15 1.18 1.24 1.29 1.33
cd_to_gn tpLH 1.17 1.2] 1.29 1.38 1.46
tpHL 1.17 1.21 1.29 1.38 1.46

Timing Constraints:

Version Parameters Value Version Parameters Value
fik2 j_setup 0.57 fik2p j_setup 0.57
j_hold -0.30 j_hold -0.29
k_setup 0.57 k_setup 0.57
k_hold -0.30 k_hold -0.29
cp_pw0 0.27 cp_pw0 0.28
cp_pwl 0.49 cp_pwl 0.49
cd_revry -0.15 cd_rcvry -0.10
cd_hold 025 cd_hold 0.20
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B 5304804 0OlL48A83 785 EELLC

fik2s
JK Flip-Flop with Clear, Scan
Name: fjk2s Description:  JK Flip-Flop with Clear, Scan
Coding Syntax: u(q,qn)=fjk2s*(j.k,cp.cd.ti,te)
Logic Symbol: Schematics:
} q—
—pcp e 2 an
—k
g Y
ti 1
—1 te cd gn _5_ I —g—
T T T q
r
cd
Truth Table:
J k ti te ¢ cd| q ¢qn
o 0o x o 17T 1 q qn
0o 1 x o T 1]0 1
1 0o x o T 1{1 o0
1 1 o T 1 {gn g
x x 0 1 T 10 1
X X 1 T 1|1 o0
X X X X X 0 0 1
Loading Characteristics:
Values stated in standard loads.
Version Jj k cp cd t te
fik2s 1.0 0.9 1.0 1.8 1.0 1.9
fjk2sp 1.0 0.9 1.0 1.8 1.0 1.9
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. M 5304804 0014884 L1l WELLC
fik2s

JK Flip-Flop with Clear, Scan

AC Characteristics:
VDD=5V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads

Version Count Path Output 2 4 8 12 16
fjk2s 13 cp_to_gn tpLH 1.34 1.42 1.58 1.75 1.93
tpHL 1.23 1.28 1.37 1.45 1.53

cd_to_gn tpLH 1.01 1.09 1.26 142 1.61

tpHL 1.01 1.09 1.26 1.42 1.61

cp_to_q tpLH 1.12 1.21 1.38 1.56 1.73

tpHL 1.08 1.13 1.24 1.33 1.42

cd_to_q tpLH 0.75 0.81 0.92 1.01 1.09
tpHL 0.75 0.81 0.92 1.01 1.09

fik2sp 14 cp_to_gn tpLH 1.37 1.42 1.50 1.58 1.66
tpHL 1.28 1.32 1.37 1.42 1.47

cd_to_gn tpLH 1.07 1.12 121 1.29 1.37

tpHL 1.07 1.12 1.21 1.29 1.37

cp_to_q tpLH 1.10 1.15 1.24 1.33 1.41

tpHL 1.07 1.11 1.17 1.23 1.28
cd_to_q tpLH 0.77 0.81 0.87 0.93 0.99
tpHL 0.77 0.81 0.87 0.93 0.99

Timing Constraints:

Version Parameters Value Version Parameters Value
fjk2s j_setup 0.97 fjk2sp j_setup 0.97
j_hold -0.27 j_hold -0.28

k_setup 0.97 k_setup 0.97

k_hold -0.27 k_hold -0.28

ti_setup 0.67 ti_setup 0.67

ti_hold -0.03 ti_hold -0.04

te_setup 0.67 te_setup 0.67

te_hold -0.03 te_hold -0.04

cd_revry -0.42 cd_rcvry -0.50

cd_hold 0.78 cd_hold 0.78

cp_pw( 0.63 cp_pw0 0.63

cp_pwl 0.51 cp_pwl 0.51
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fjk3
JK Flip-Flop with Clear, Set
Name: fjk3 Description:  JK Flip-Flop with Clear, Set
Coding Syntax: u(q,qn)=fjk3*(,k,cp,cd,sd)
Logic Symbol: Schematics:
& {>°_
i T )
T D
—>cp cp —]>0— _L
4
—_ o—
k cd qn - D_ [>o— q
i £ =
cd ~
sd
Truth Table:
j k ¢ cd sd| q gqn
o o T 1 1 q qn
o 1 T 1 1|0 1
1 o T 1 1|1 o0
t 1 T 1 1i{qn g¢q
X X X 0 1 0 1
X X X 1 0 1 0
X X X 0 0 0 0
Loading Characteristics:
Values stated in standard loads.
Version J k cp cd sd
fjk3 0.9 1.0 1.0 1.8 1.8
fik3p 09 1.0 1.0 18 1.8
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JK Flip-Flop with Clear, Set

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fik3 11 cp_to_ tpLH 1.07 1.16 1.32 1.49 1.67

tpHL 102 | 107 116 | 124 | 132
cd_toq | tpLH 063 | 068 | 077 | 085 | 093
tpHL 063 | 068 | 077 | 085 | 093
sd_toq | tpLH 126 | 134 | 150 | 167 | 185
tpHL 126 | 134 | 150 | 167 | 18

cp_toqn | tpLH 1.45 1.54 172 189 | 2.08
tpHL 1.20 1.26 135 1.44 152
cd_to_qn | tpLH 1.06 1.15 133 1.50 1.68

tpHL 1.06 1.15 1.33 1.50 1.68
sd_to_qn tpLH 0.99 1.04 1.14 1.22 1.31
tpHL 0.99 1.04 1.14 1.22 1.31
fik3p 12 Cp_to_t tpLH 1.05 1.10 1.19 1.27 1.35
tpHL 1.02 1.06 1.11 1.16 1.21
cd_to q tpLH 0.66 0.70 0.75 0.80 0.85
tpHL 0.66 0.70 0.75 0.80 0.85
sd_to_q tpLH 1.33 1.38 1.47 1.55 1.64
tpHL 1.33 1.38 1.47 1.55 1.64
cp_to_gn tpLH 1.50 1.55 1.64 1.74 1.82
tpHL 1.25 1.29 1.35 1.40 1.45
cd_to_gn tpLH 1.14 1.20 1.29 1.38 1.47
tpHL 1.14 1.20 1.29 1.38 147
sd_to_qn tpLH 1.00 1.04 1.10 1.15 1.20
tpHL 1.00 1.04 1.10 1.15 1.20
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fik3
JK Flip-Flop with Clear, Set

Timing Constraints:

Version Parameters Value Version Parameters Value
fik3 j_setup 0.58 fik3p j_setup 0.59
j_hold -0.00 j_hold -0.00

k_setup 0.58 k_setup 0.59

k_hold -0.00 k_hold -0.00

cp_pw0 0.58 cp_pw0 0.58

cp_pwl 053 cp_pwl 0.53

cd_revry -0.53 cd_rcvry -0.52

cd_hold 0.86 cd_hold 0.86

sd_rcvry -0.20 sd_rcvry -0.20

sd_hold 0.79 sd_hold 0.79
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fik3s

JK Flip-Flop with Clear, Set, and Scan

Name: fjk3s Description: JK Flip-Flop with Clear, Set, and Scan
Coding Syntax; u(q,qn)=fjk3s*(j.k,cp,cd,sd,ti,te)

Logic Symbol: Schematics:

k _
é L 1 1 * DO— qn
—j sd qr— cp L
—P cp . it
1 t E T
o oy I Ea= e
c T -
T cd d
sd
Truth Table:
J k 4t te cp c¢d sd| q g¢gn
0o o x o T 1 1 q qn
0o 1 x o T 1 1|0 1
1 o x o T 1 1|1 o0
1 1 0 T 1 1 |a gq
X X t T 1 1|0 1
x x 1 1 T 1 1|1 o0
X X X X X 0 1 0 1
X X X X X 1 0 1 0
X X X X X 0 0 0 0
Loading Characteristics:
Values stated in standard loads.
Version Jj k cp cd sd t te
fjk3s 1.0 0.9 1.0 1.8 1.8 1.0 1.9
fjk3sp 1.0 0.9 1.0 18 1.8 1.0 1.9
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fik3s
JK Flip-Flop with Clear, Set, and Scan

AC Characteristics:

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
fjk3s 13 cp_to_qn tpLH 1.51 1.60 1.77 1.94 212

tpHL 1.23 1.29 1.41 1.51 1.59
cd_to_gn tpLH 1.17 1.26 143 1.60 1.78
tpHL 1.17 1.26 143 1.60 1.78
sd_to_qn tpLH 0.84 0.90 1.01 1.11 1.20
tpHL 0.84 0.90 1.01 1.1 1.20
cp_to_q tpLH 1.18 1.27 1.44 1.61 1.79
tpHL 1.12 1.18 1.27 1.36 1.45
cd_to_q tpLH 0.78 0.84 0.93 1.02 i1

1 tpHL 0.78 0.84 0.93 1.02 1.11

sd_to_q tpLH 1.27 1.35 1.52 1.69 1.87

tpHL 1.27 1.35 1.52 1.69 1.87

fik3sp 14 cp_to_gn tpLH 1.56 1.61 1.70 1.79 1.87
tpHL 1.29 1.32 1.39 1.45 1.51

cd_to_gn tpLH 1.24 1.29 1.39 1.48 1.56

tpHL 124 1.29 1.39 148 1.56
sd_to_gn | tpLH 086 | 089 | 096 1.02 1.08
tpHL 086 | 089 | 096 1.02 1.08
cp_to_q | tpLH 1.15 1.20 1.29 138 1.46
tpHL, 111 1.15 121 1.26 131
cd_toq | tpLH 079 | 083 | 090 | 095 1.00
tpHL 079 | 083 | 090 | 095 1.00
sd_to_q | tpLH 134 1.39 148 1.57 1.65
tpHL 1.34 1.39 148 1.57 1.65
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JK Flip-Flop with Clear, Set, and Scan

BN 5304804 00L4A90 915 EMLLC

Timing Constraints:

Version Parameters Value Version Parameters Value
fjk3s J_setup 0.93 fik3sp j_setup 0.93
j_hold -0.14 j_hold -0.14

k_setup 0.93 k_setup 0.93

k_hold -0.14 k_hold -0.14

ti_setup 0.67 ti_setup 0.67

ti_hold -0.05 ti_hold -0.05

te_setup 0.67 te_setup 0.67

te_hold -0.05 te_hold -0.05

cd_rcvry -0.42 cd_rcvry -0.42

cd_hold 0.86 cd_hold 0.86

sd_rcvry -0.20 sd_rcvry -0.20

sd_hold 0.59 sd_hold 0.60

cp_pw0 0.61 cp_pw0 0.62

cp_pwl 0.53 cp_pwl 0.53
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fz
Toggle Flip-Flop with Clear
Name: ft2 Description:  Toggle Flip-Flop with Clear
Coding Syntax: u(q,qn)=ft2*(cp,cd)
Logic Symbol: Schematics:
cp
q -
qn fo—
cd
T cd
Truth Table:

cp cd| q qn

T 1 |gn gq
X 0 0

Loading Characteristics:
Values stated in standard loads.

Version cp cd
ft2 1.0 1.8
ft2p 1.0 1.8

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path QOutput 2 4 8 12 16
ft2 7 cp_to_ tpLH 1.00 1.09 1.27 1.44 1.63
tpHL 0.92 0.98 1.10 1.20 1.29
cp_to_gn tpLH 1.07 1.14 1.31 1.48 1.66

tpHL 1.12 1.17 1.26 1.34 1.42
cd_to_q tpLH 1.06 1.12 1.24 1.34 1.43
tpHL 1.06 1.12 1.24 1.34 1.43
c¢d_to_gn tpLH 1.21 1.29 1.45 1.62 1.80
tpHL 1.21 1.29 1.45 1.62 1.80
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Toggle Flip-Flop with Clear

AC Characteristics: (Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Qutput 2 4 8 12 16
ft2p 8 cp_to_ tpLH 0.98 1.04 1.13 1.22 1.31
tpHL 0.90 0.94 1.01 1.07 1.13
cp_to_qn tpLH .1 1.15 1.23 1.31 1.40

tpHL 1.18 1.22 1.28 1.33 1.37
cd_to_q tpLH 1.08 1.12 1.19 1.25 1.31
tpHL 1.08 1.12 1.19 1.25 1.31

cd_to_gn tpLH 1.29 1.33 1.41 1.49 1.57
tpHL 1.29 1.33 1.41 1.49 1.57
Timing Constraints:
Version Parameters Value Version Parameters Value
ft2 cd_rcvry 0.16 ft2p cd_revry 0.20
cd_hold 0.29 cd_hold 0.25
cp_pw0 0.50 cp_pw0 0.50
cp_pwl 0.49 cp_pwl 0.49
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ft4

Toggte Flip-Flop with Set

Name: ft4 Description:  Toggle Flip-Flop with Set
Coding Syntax: u(q,qn)=ft4*(cp,sd)
Logic Symbol: Schematics:
cp —
q [— __65 {1
T I l>011é 2 ,1 O A
an P— 1 é {4
Sfj T Q‘ ] O—-l—{>0— gn
sd ~

———l>0—q

Truth Table:

cp sd | q ¢qn
T 1|l q
X 0 1 0

Loading Characteristics:
Values stated in standard loads.

Version cp sd
ft4 1.0 1.6
ftdp 1.0 1.6

AC Characteristics:

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
ft4 8 cp_to_q tpLH 0.95 1.04 1.21 1.38 1.56
tpHL 091 0.97 1.08 1.17 1.26
cp_to_gn tpLH 1.11 1.20 1.36 1.54 1.72
tpHL 1.11 1.16 1.25 1.33 1.42

sd_to_q | tpLH 112 | 121 138 | 155 173
tpHL 112 | 121 138 | 1.55 1.73
sd_toqn | tpLH 072 | 077 | 086 | 095 | 1.03
tpHL 072 | 077 | 086 | 0095 1.03
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Toggle Flip-Flop with Set

AC Characteristics: (Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
ftdp 9 cp_to_q tpLH 0.92 0.97 1.06 1.15 1.23

tpHL 0.90 0.94 1.01 1.07 1.12
cp_to_gn tpLH 1.15 1.20 1.29 1.38 1.46
tpHL 1.15 1.18 1.24 1.29 1.34
sd_to_q tpLH 1.23 1.27 1.36 1.45 1.54
tpHL 1.23 1.27 1.36 1.45 1.54
sd_to_qn tpLH 0.78 0.81 0.87 0.92 0.96
tpHL 0.78 0.81 0.87 0.92 0.96

Timing Constraints:

Version Parameters Value Version Parameters Value
ft4 sd_rcvry -0.81 ftdp sd_rcvry -0.77
sd_hold 0.95 sd_hold 0.87
cp_pw0 0.55 cp_pw0 0.68
cp_pwl 0.51 cp_pwl 0.51
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D Flip-Flop with Synchronous Clear

Name: sfd2 Description: D Flip-Flop with Synchronous Clear
Coding Syntax: u(q,gqn)=sfd2*(d,cp,cl)
Logic Symbol: Schematics:

o
i o :3§T>o o
—d % _"% sl P

Truth Table:
d ¢ | q qn
x T oo 1
0 T X 0
1 T 1|1 o

Loading Characteristics:
Values stated in standard loads.

Version d cp cl
sfd2 1.0 1.0 1.0
sfd2p 1.0 1.0 1.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path QOutput 2 4 8 12 16
sfd2 8 cp_to_ tpLH 1.00 1.08 1.25 1.42 1.60

tpHL 0.96 1.02 1.14 1.23 132
cp_to_qn | tpLH 1.12 1.20 136 1.53 1.71
tpHL .11 1.16 1.25 1.34 1.42

sfd2p 9 cp_to_q tpLH 0.98 1.02 1.11 1.19 1.28
tpHL 0.97 1.01 1.09 1.15 1.21
cp_to_qn tpLH 1.20 1.24 1.32 1.40 1.48
tpHL 1.17 1.20 1.26 1.30 1.35
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sfd2
D Flip-Flop with Synchronous Clear

Timing Constraints:

Version Parameters Value Version Parameters Value
std2 d_setup 0.40 sfd2p d_setup 0.40
d_hold 0.24 d_hold 0.24
cl_setup 0.40 cl_setup 0.40
cl_hold 0.24 cl_hold 0.24
cp_pw0 0.64 cp_pw0 043
cp_pwl 0.62 cp_pwl 0.62
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24
Latches

This section contains data pages for LCA300K latches.

Naming
Conventions

Alatches root name is given at the top of each data page. Latch names with
the suffix p have a high output drive strength. Latch names with no suffix
have a standard output drive strength.

For example:

1d1p has high output drive strength.
1d1 has standard output drive strength.

Note: For the coding syntax, an asterisk following the cell name (for exam-
ple, 1d1+) is a wildcard symbol for the p option.

LCA300K Internal Macrocells Latches 2-185
10/93 © 1992, 1993 LSi Logic Corp. Proprietary Information




B 5304804 0014898 106 EELLC

1d1
D Latch
Name: 1dl Description: D Latch
Coding Syntax: u(q,qn)=1d1*(d,g)
Logic Symbol: Schematics:
d —>o ,
] N 11
d g D
ol
g an B—c»—b@—l—bo— qn
1
{>0—_ q
Truth Table:
d g | q gqn
0 1
1 1 1 0
X 01 q qn
Loading Characteristics:
Values stated in standard loads.
Version d g
1d1 1.0 1.0
1dlp 1.0 1.0
AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Delay Standard Loads
Version Count Path Qutput 2 4 8 12 16
1d1 5 d_to_q tpLH 0.89 0.97 1.15 1.32 1.50

tpHL 090 | 096 1.07 1.16 125
d_toqn | tpLH 1.05 1.12 1.29 1.46 1.64
tpHL 1.01 1.06 1.15 123 1.32
g to_q tpLH 079 | 0.87 1.04 1.22 1.40
tpHL 079 | 085 0.96 1.05 1.14
g toqn | tpLH 0.93 1.01 1.17 1.35 1.53
tpHL 091 0.96 1.05 1.13 1.21
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Id1
D Latch
AC Characteristics: (Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Delay Standard Loads
Version Count Path Quiput 2 4 8 12 16
Id1p 6 d_to_q tpLH 0.91 0.96 1.05 1.13 1.22
tpHL 0.87 091 0.99 1.04 1.10
d_to_qn tpLH 1.07 1.12 1.20 1.28 1.37
tpHL 1.11 1.14 1.20 1.25 1.29
g_to_q tpLH 0.76 0.81 0.89 0.98 1.06
tpHL 0.77 0.81 0.88 0.94 1.00
g_to_gn tpLH 0.97 1.02 1.10 1.18 1.26
tpHL 0.95 0.99 1.05 1.09 1.14
Timing Constraints:
Version Parameters Value Version Parameters Value
1d1 d_setup 0.47 idlp d_setup 0.53
d_hold 0.00 d_hold 0.05
g_pw0 0.47 g _pw0 0.58
g pwl 0.47 g_pwl 0.58
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D Latch with Enable, Buffered, Double Drive

Name: 1dllp Description: D Latch with Enable, Buffered, Double Drive
Coding Syntax: u(q,qn)=1d1ip(d,g,1d,1dn)
Logic Symbol: Schematics:

Do— an

-
:
E—{ij%w

Truth Table:
g Wd ldn d | q g¢qn
0 x x x| q qn
1 0 0 X 0 1
1 0 1 x | q gn
1 1 0 0] 0 1
1 1 0 1 1 0
1 1 1 0} q qn
1 1 1 i 1 0
Loading Characteristics:
Values stated in standard loads.
Version d g ld ldn
Id1lp 1.0 1.0 1.0 1.0
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p
D Latch with Enable, Buffered, Double Drive

AC Characteristics:

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
Id1lp 8 d_to_q tpLH 1.31 1.35 1.43 1.51 1.60

tpHL 134 138 143 148 152
d_to_qn tpLH 1.51 1.56 164 172 1.80
tpHL 148 152 1.57 1.62 167
1d_to_q tpLH 131 135 1.43 1.51 1.60
tpHL 134 138 143 1.48 1.52

1d_to_qn | tpLH 1.51 156 1.64 1.72 1.80
tpHL 1.48 1.52 1.57 1.62 1.67
ldn_to_q | tpLH 131 1.35 143 151 1.60

tpHL 1.34 1.38 143 148 152
ldn_to_gn | tpLH 151 1.56 1.64 172 1.80

tpHL 1.48 1.52 1.57 1.62 1.67
g to_q tpLH 0.83 0.87 0.95 1.03 1.11
tpHL 0.83 0.86 0.91 0.96 1.00
g_to_qn tpLH 1.00 1.04 1.12 1.20 1.28

tpHL 1.00 1.04 1.09 1.14 1.18

Timing Constraints:

Version Parameters Value
Id1ip d_setup 0.61
d_hold -0.09
g _pw0 0.52
g pwl 0.52
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D Latch with 2 Scan Clock Control

Name: 1d1s2 Description: D Latch with 2 Scan Clock Control
Coding Syntax: u(q,qn)=1d1s2*(d,cp,sck1,sck2,si)
Logic Symbol: Schematics:
| S olne &
—+ 4 X
— 4 —%_ ~ _2
g—D>o—] i3
—p ¢
p L o— qn
1 si
— scki g P— cp a
—1 sck2
skt ————>o—— &
by
sck2
: 1
si—W
T
Truth Table:
cp sckl sck2| q qn
1 0 X d d
0 1 1 si s
Loading Characteristics:
Values stated in standard loads.
Version d cp sckl sck2 si
1d1s2 1.0 1.0 1.5 14 1.0
1d1s2p 1.0 1.0 1.5 1.4 1.0
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id1s2
D Latch with 2 Scan Clock Control

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
1d1s2 9 d_to_q tpLH 0.94 1.03 1.20 1.37 1.55
tpHL 0.93 0.99 1.10 1.21 1.31
d_to_gn tpLH 1.08 1.16 1.32 1.49 1.68
tpHL 1.05 1.11 1.19 1.27 1.36
cp_to_i tpLH 0.90 0.99 1.17 1.34 1.52

tpHL 0.81 0.87 0.99 1.09 1.19
cp_to_gn tpLH 0.96 1.04 1.20 1.37 1.56
tpHL 1.02 1.07 1.16 1.24 1.33

sckl_to_q | tpLH 0.96 1.05 1.23 1.40 1.58
tpHL 087 | 093 1.05 1.15 1.25

sckl_to_gn| tpLH 1.02 1.10 1.26 143 1.62
tpHL 1.08 1.13 1.22 1.30 1.39

sck2_to_q | tpLH 1.02 111 128 145 1.64
tpHL 1.14 1.20 131 142 1.52

sck2_to_qn | tpLH 1.29 137 153 1.70 1.89
tpHL 1.13 1.19 1.28 1.36 1.44

1d1s2p 10 d_to_q tpLH 094 | 099 1.09 1.17 1.26
t(pHL 090 | 094 1.01 1.07 1.13

d_to_qn tpLH 1.11 1.15 123 131 1.40

tpHL 1.14 1.18 1.24 1.29 1.33
cp_to_q tpLH 0.90 0.95 1.04 1.13 1.22
tpHL 0.79 0.83 091 0.97 1.03

cp_to_qn tpLH 1.00 1.05 1.13 1.21 1.29
tpHL 1.10 1.14 1.19 1.25 1.29

sckl_to_q tpLH 0.97 1.03 1.12 1.21 1.30
tpHL 0.87 091 0.98 1.04 1.10

sckl_to_gn tpLH 1.08 1.12 1.20 1.28 1.37
tpHL 1.18 121 1.27 1.32 1.36

sck2_to_q tpLH 0.99 1.04 1.13 1.22 1.31
tpHL 1.1 1.15 1.22 1.29 1.34

sck2_to_gn tpLH 1.32 1.36 1.44 1.53 1.61

tpHL 1.19 1.22 1.28 1.33 1.38
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1d1s2

D Latch with 2 Scan Clock Control

Timing Constraints:

Version Parameters Value Version Parameters Value

1d1s2 d_setup 0.46 1d1s2p d_setup 0.57
d_hold 0.12 d_hold -0.02

cp_pw0 0.50 cp_pw0 0.49

cp_pwl 0.50 cp_pwl 0.49

sck2_pw 1.44 sck2_pw 1.45

si_setup 1.95 si_setup 1.96

si_hold -0.15 si_hold -0.15
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Id1x4
4 LD1 in Parallel with Common Gates
Name: 1d1x4 Description: 4 LD1 in Parallel with Common Gates
Coding Syntax: u(q0,91,92,93,90n,q1n,q2n,q3n)=1d1x4*(d0,d1,d2,d3,g)
Logic Symbol: Schematics:
do © — do q0 | di ql | d2 q2 | d3 q3
—dl q@n [— I_d q“ll— qu— q—Jl— qJ
|« L Id1 Id1 Id1 Id1
—1d3 gln  [—
e
gn [ g
@ — | I 7
e g3n — q0n qin g2n q3n
Truth Table:
g do | q0 qOn
1 0 0 1
1 1 1 0
0 X 1 q0 qOn

Loading Characteristics:
Values stated in standard loads.

Version do d1 a2 a3 g
1d1x4 1.0 1.0 1.0 1.0 2.0
1d1x4p 1.0 1.0 1.0 1.0 2.0

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
1d1x4 16 Anydtoanyq tpLH 0.90 0.98 1.15 1.32 1.50

tpHL 0.84 0.91 1.03 1.14 1.24
Anydtoanyqn| tpLH 0.99 1.07 1.24 141 1.59
tpHL 1.02 1.07 1.16 1.24 1.32
gtoanyq tpLH 0.84 0.92 1.09 126 1.44
tpHL 0.85 091 1.03 1.14 1.24
g to any qn tpLH 0.99 1.07 1.24 141 1.59
tpHL 0.96 1.01 1.10 1.18 1.26

LCA300K Internal Macrocells Latches 2-193
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I 5304804 001490k 0OO2 WEMLLC
1d1x4

4 LD1 in Parallel with Common Gates

AC Characteristics: (Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
1d1x4p 20 Any dtoanyq tpLH 0.91 0.96 1.05 1.13 1.22
tpHL 0.87 0.92 0.99 1.05 1.10
Anydtoanyqn| tpLH 1.08 1.12 1.20 1.28 1.37
tpHL 111 1.14 1.20 1.25 1.29
gtoany q tpLH 0.81 0.86 0.94 1.03 1.11
tpHL 0.83 0.87 0.94 1.00 1.06
g to any qn tpLH 1.03 1.07 1.15 1.23 1.32
tpHL 1.00 1.04 1.10 1.15 1.19
Timing Constraints:
Version Parameters Value Version Parameters Value
1d1x4 Any d setup 0.37 ld1x4p Any d setup 0.57
Any d hold 0.34 Any d hold -0.04
Any g pw 0.71 Any g pw 0.47
2-194 LCA300K Internal Macrocells Latches
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BN 5304804 0014907 Tu9 EELLC

1d2
D Latch
Name: 1d2 Description: D Latch
Coding Syntax: u (q,qn)=1d2*(d,gn)
Logic Symbol; Schematics:
4 ——I>o——
i o
| - n
1
- N el
gn an
l Fiyoo o
I
J\>O_ q
Truth Table:
d gn| q0 q0n
0 010 1
1 0 1 0
X 1 { g0 gqOn
Loading Characteristics:
Values stated in standard loads.
Version d gn
1d2 1.0 0.5
1d2p 1.0 0.5
AC Characteristics:
VDD=3 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
1d2 5 d_to_q tpLH 0.90 0.98 1.15 1.32 1.50
tpHL 0.84 0.90 1.03 1.14 1.24
d_to_gn tpLH 0.99 1.07 1.23 1.40 1.58
tpHL 1.02 1.07 1.16 1.24 1.32
gn_to_q tpLH 0.82 0.90 1.07 1.24 1.42
tpHL 0.81 0.87 1.00 1.11 1.21
gn_to_qn tpLH 0.96 1.04 1.20 1.37 1.55
tpHL 0.94 0.99 1.08 1.16 1.24
LCA300K Internal Macrocells Latches 2-195
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1d2 BN 5304804 D0L4908 985 EELLC

D Latch

AC Characteristics: (Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
1d2p 6 d_to_q tpLH 0.92 0.97 1.05 1.13 1.22

tpHL 0.87 0.91 0.98 1.04 1.10
d_to_gn tpLH 1.08 1.12 1.20 1.28 1.37
tpHL 1.12 1.15 1.20 1.25 1.30
gn_to_q tpLH 0.80 0.85 0.93 1.02 1.10
tpHL 0.80 0.84 091 0.97 1.03
gn_to_qgn tpLH 1.00 1.05 1.13 1.21 1.29
tpHL 1.00 1.03 1.09 1.14 1.18

Timing Constraints:

Version Parameters Value Version Parameters Value
1d2 d_setup 0.50 1d2p d_setup 0.59
d_hold 0.00 d_hold 0.00
gn_pw0 0.45 gn_pw0 0.55
gn_pwl 045 gn_pwl 0.55
2-196 LCA300K Internal Macrocells Latches
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M 5304804 D0OL4909 81b mLLC 2o
D Latch, Active Low with Enable, Buffered, Double Drive

Name: 1d2lp Description: D Latch, Active Low with Enable, Buffered, Double Drive
Coding Syntax: u(q,qn)=1d21p(d,gn,ld,ldn)

Logic Symbol: Schematics:
>0— gn
— g q —
_o gn
’ ol
g o— Idn ]
— ldn Id _|_
d
gn ———>o—e—{>0—

Truth Table:

gn ld ldn d q ¢qn

1 X X X | q qn

o 0 0 x| O 1

0 0 1 X q qn

0 1 0 0 0 1

0 1 0 1 1 0

0 1 1 0|l q an

0 1 1 1 1 0
Loading Characteristics:
Values stated in standard loads.

Version d ean ld ldn

1d21p 1.0 0.5 1.0 1.0

LCA300K Internal Macrocells Latches 2-197
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1d21y BN 5304404 0014910 533 MELLC
D Latch, Active Low with Enable, Buffered, Double Drive

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 & 12 16
1d2lp 8 d_to_q tpLH 1.03 1.07 1.15 1.23 1.32
tpHL 1.34 1.38 1.43 1.48 1.52
d_to_gn tpLH 1.51 1.56 1.64 1.72 1.80
tpHL 1.21 1.24 1.30 135 1.39
1d_to_q tpLH 1.03 1.07 1.15 1.23 1.32

tpHL 1.34 1.38 1.43 1.48 1.52
Id_to_gn tpLH 1.51 1.56 1.64 1.72 1.80
tpHL 1.21 1.24 1.30 1.35 1.39
ldn_to_q tpLH 1.03 1.07 1.15 1.23 1.32
tpHL 1.34 1.38 1.43 1.48 1.52
ldn_to_gn tpLH 1.51 1.56 1.64 1.72 1.80
tpHL 121 1.24 1.30 1.35 1.39

gn_to_q tpLH 1.02 1.06 1.14 1.22 1.31
tpHL 1.05 1.09 1.14 1.19 1.23
gn_to_qn tpLH 1.22 1.27 1.35 1.43 1.51

tpHL 1.20 1.23 1.29 1.33 1.37

Timing Constraints:

Version Parameters Value
1d2lp d_setup 0.72
d_hold -0.01
gn_pw0 043
gn_pwl 043
2-198 LCA300K Internal Macrocells Latches
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B 5304804 004

931 47T EELLC
1d3

D Latch with Clear Direct/Gate Active High

Name: 1d3 Description: D Latch with Clear Direct/Gate Active High
Coding Syntax: u(q,gn)=1d3*(d,g,cd)
Logic Symbol:| Schematics:
‘ =
— 4 0 — -
W A | e
e ek « —L e .
cd 1 1 [>o— q
T cd | E: j&
g —-—DO—‘

Truth Table:

d g cd| q gqn

0 1 1 0

1 1 1 1 0

x 0 1 q qn

X X 0 0 1
Loading Characteristics:
Values stated in standard loads.

Version d g cd

1d3 1.0 1.0 0.9

1d3p 1.0 1.0 0.9

LCA300K Internal Macrocells Latches 2-199
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1d3 M 5304804 0014912 30 MELLC
D Latch with Clear Direct/Gate Active High

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds, Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
1d3 5 d_to_q tpLH 0.88 0.98 1.17 1.36 1.54
tpHL 1.22 1.28 1.40 1.49 1.58
d_to_gn tpLH 1.38 1.46 1.62 1.79 1.97
tpHL 1.07 1.12 1.21 1.30 1.38
g_to_ tpLH 0.86 0.95 1.15 1.33 1.52

tpHL 0.80 0.86 0.98 1.07 1.16
g to_gn tpLH 0.96 1.03 1.20 1.37 1.55
tpHL 1.04 1.09 1.18 1.27 1.35
cd_to_qn tpLH 1.05 1.13 1.29 1.46 1.64
tpHL 1.05 1.13 1.29 1.46 1.64
cd_to_q tpLH 0.89 0.96 1.07 1.17 1.26
tpHL 0.89 0.96 1.07 1.17 1.26

1d3p 6 d_to_q tpLH 090 | 0095 1.04 1.14 124
tpHL 122 1.26 133 1.39 145

dtogn | tpLH 143 1.48 1.56 1.63 1.72

tpHL 1.18 1.21 1.27 1.32 1.37

g_to_ tpLH 084 | 089 | 099 1.08 1.18

tpHL 078 | 082 | 090 | 096 1.01

g toqn | tpLH 1.00 1.04 1.12 1.20 1.28

tpHL .12 1.16 121 1.26 131

cd_to_gn tpLH 1.12 1.17 1.25 1.33 1.41
tpHL 1.12 1.17 1.25 1.33 1.41
cd_to_q tpLH 091 0.95 1.02 1.08 1.14
tpHL 0.91 0.95 1.02 1.08 1.14

Timing Constraints:

Version Parameters Value Version Parameters Value
1d3 d_setup 0.66 1d3p d_setup 0.77
d_hold 0.17 d_hold 0.03
g pw 0.47 g pw 0.54
cd_rcvry 0.27 cd_rcvry 0.34
cd_hold 0.20 cd_hold 0.20

2-200 LCA3G0K Internal Macrocells Latches
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B 5304804 D0O1u913 242 MELLC

I1d4
D Latch with Clear Direct/Gate Active Low
Name: 1d4 Description: D Latch with Clear Direct/Gate Active Low
Coding Syntax: u(q,qn)=1d4*(d,gn,cd)
Logic Symbol: Schematics:

S
" 1
d i
d ¢t 4 ¢ " an
—0 an qn D— |—Y -
o i’ Do g
T cd T I:L
gn —DO———‘}
Truth Table:
d gn cd| q gqn
0 0 1 0 1
1 0 1 1 0
X 1 1 q qn
X X 0 0 1
Loading Characteristics:
Values stated in standard loads.
Version d gn cd
1d4 1.0 0.5 09
1d4p 1.0 0.5 0.9
LCA300K Internal Macrocells Latches 2-201
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B 5304404 0014914 1,89 MELLC

1d4

D Latch with Clear Direct/Gate Active Low

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
1d4 5 d_to_q tpLH 0.89 0.98 1.18 1.36 1.55
tpHL 1.22 1.28 1.39 1.49 1.58
d_to_gn tpLH 1.39 1.46 1.62 1.79 197
tpHL 1.07 1.12 1.21 1.30 1.38
gn_to_q tpLH 0.89 0.98 1.18 1.36 1.55
tpHL 0.80 0.87 0.98 1.07 1.17
gn_to_gn tpLH 097 1.05 1.21 1.38 1.56
tpHL 1.07 1.12 1.21 1.30 1.38
cd_to_gn tpLH 1.05 1.13 1.29 1.46 1.64
tpHL 1.05 1.13 1.29 1.46 1.64
cd_to_q tpLH 0.89 0.95 1.06 1.16 1.25
tpHL 0.89 0.95 1.06 1.16 1.25
1ddp 6 d_to g tpLH 0.90 0.95 1.05 1.14 1.24
tpHL 1.21 1.26 1.33 1.39 1.44
d_to_qn tpLH 1.44 1.48 1.56 1.64 1.72
tpHL 1.18 1.21 1.27 1.32 1.37
gn_to_q tpLH 0.87 0.93 1.02 1.12 1.22
tpHL 0.79 0.84 091 0.97 1.02
gn_to_qn tpLH 1.01 1.06 1.14 1.22 1.30
tpHL 1.15 1.19 1.24 1.29 1.34
cd_to_gn tpLH 1.13 1.17 1.25 1.33 1.41
tpHL 1.13 1.17 1.25 1.33 1.41
cd_to_q tpLH 0.90 0.95 1.02 1.08 1.13
tpHL 0.90 0.95 1.02 1.08 1.13
Timing Constraints:
Version Parameters Value Version Parameters Value
1d4 d_setup 0.84 1d4p d_setup 0.94
d_hold -0.00 d_hold -0.13
gn_pw0 0.75 gn_pw0 0.78
gn_pwl 0.75 gn_pwl 0.78
cd_rcvry 0.55 cd_rcvry 0.58
cd_hold 0.20 cd_hold 0.20
2-202 LCA300K Internal Macrocells
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M 5304804 00OL49L5 015 EELLC

Isr0
SR Latch
Name: 1sr0 Description: SR Latch
Coding Syntax: u(q,qn)=Isr0*(s,r)
Logic Symbol: Schematics:
s —:Doj[ [>o an
B $<
—Or qn o— |
bl e
Truth Table:
§ rl q gqn
0 o010
0 1 1
1 010 1
1 1 q gn
Loading Characteristics:
Values stated in standard loads.
Version s r
lsr0 0.9 0.9
Isr0p 0.9 0.9
AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Delay Standard Loads
Version Count Path QOutput 2 4 8 12 16
1st0 3 s toq | tpLH 0.93 1.01 1.18 135 1.53
tpHL 0.93 1.01 1.18 1.35 1.53
r_togn | tpLH 0.93 1.01 1.18 135 1.53
tpHL 0.93 1.01 1.18 1.35 1.53
r_to_q tpLH 0.77 0.85 1.01 1.18 1.36
tpHL 0.62 0.69 0.79 0.88 0.97
s_to_gn tpLH 0.81 0.89 1.05 1.22 1.40
tpHL 0.65 0.71 0.82 0.92 1.01
LCA300K Internal Macrocells Latches 2-203
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510 B 5304804 OOL4Y91b T51 MLLC
S

SR Latch

AC Characteristics: (Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path QOutput 2 4 8 12 16
IstOp 4 s_to_q tpLH 1.02 1.07 1.16 1.24 1.33
tpHL 1.02 1.07 1.16 1.24 1.33
r_to_gn tpLH 1.02 1.07 1.16 1.24 1.33

tpHL 1.02 1.07 1.16 1.24 1.33
r_to_q tpLH 0.77 0.82 0.90 0.98 1.07
tpHL 0.65 0.69 0.76 0.82 0.87
s_to_gn tpLH 0.80 0.85 0.94 1.02 1.11
tpHL 0.67 0.71 0.79 0.85 0.90

2-204 LCA300K Internal Macrocells Latches
10/93 © 1992, 1993 LS1 Logic Corp. Proprietary Information




M 5304404 0014917 998 EELLC
Isr1
SR Latch with Clear, Set, Separate Gated Inputs

Name: Isrl Description: SR Latch with Clear, Set, Separate Gated Inputs
Coding Syntax: u (q,qn) = lsrl (s1,s2,sd,r1,r2,rd)
Logic Symbol: Schematics:
sd
) L
sd s2 ]

-0
) -

rd

Truth Table:

sl,s2 rir2 sd rd | q ¢qn
X X 0 1 1 0
X X 1 0 0
X X 0 0 1 1
1 1 1 1 q qn
1 0 1 1 0
0 1 1 1 1 0
0 0 1 1 1 1

Loading Characteristics:
Values stated in standard loads.

Version sl 52 sd rl r2 rd
Isrl 0.9 0.8 09 0.9 0.8 0.9
LCA300K Internal Macrocells Latches 2-205
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Isrl M 5304804 0014918 824 EELLC
SR Latch with Clear, Set, Separate Gated Inputs

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
Isrl 4 sl_to_q tpLH 0.88 1.07 1.38 1.64 1.92

tpHL 0.79 0.96 1.26 153 1.78
$2_to_q tpLH 0.88 1.07 1.38 1.64 1.92
tpHL 079 | 096 1.26 153 1.78
rl_to_gn | tpLH 0.88 1.07 138 1.64 1.92
tpHL 079 | 096 1.26 153 1.78
2_to_qn | tpLH 088 1.07 138 1.64 192
tpHL 079 | 096 126 153 178
sd_to_q tpLH 069 | 087 118 1.44 1.72
tpHL 079 | 096 1.26 1.53 178
rd_to_qn | tpLH 069 | 087 1.18 144 1.72
tpHL 079 | 096 1.26 1.53 1.78

2-206 LCA300K Internal Macrocells Latches
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M 5304804 0014919 760 EELLC

Isr2
SR Latch with Clear, Set, Common Gated Inputs

Name: Isr2 Description: SR Latch with Clear, Set, Common Gated Inputs
Coding Syntax: u(q,qn)=lsr2(s,r,g,sd,rd)
Logic Symbol: Schematics:
sd
b s —
sd
I q
—q's q
—r g —=*
—q r an —
rd qn
I =
rd
Truth Table:
s r g sd rd| q g¢n
X X 0 1 1 0
X X X 1 0 0
X X X 0 0 1 1
X X 1 1 1 q qn
1 1 0 1 1 q qn
1 0 0 1 1 0
0 1 0 1 1 1 0
0 0 0 1 1 1
Loading Characteristics:
Values stated in standard loads.
Version s r g sd rd
Isr2 0.8 0.8 1.8 0.9 0.9

LCA300K Internal Macrocells Latches 2-207
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Iss2 I 5304404 0014920 482 EELLC
SR Latch with Clear, Set, Common Gated Inputs

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate De lay Standard Loads
Version Count Path Output 2 4 8 12 16
1sr2 4 g to_q tpLH 1.42 1.61 1.91 2.17 2.41

tpHL 0.81 0.98 1.29 1.56 1.80
sd_to_q tpLH 0.68 0.87 1.17 143 1.67
tpHL 0.81 0.98 1.29 1.56 1.80
rd_to_gn tpLH 0.68 0.87 1.17 1.43 1.67
tpHL 0.81 0.98 1.29 1.56 1.80
s_to_gq tpLH 142 1.61 1.91 2.17 241
tpHL 0.81 0.98 1.29 1.56 1.80
r_to_qn tpLH 1.35 1.53 1.84 2.10 2.33
tpHL 0.81 0.98 1.29 1.56 1.80

2-208 LCA300K Internal Macrocells Latches
10/93 © 1992, 1993 LSI Logic Corp. Proprietary Information




- R 5304304 DOLY921 319 EELLC 03
]

D Latch with Synchronous Clear

Name: sld3 Description: D Latch with Synchronous Clear
Coding Syntax: u(q,qn)=sld3(d,g.cl)
Logic Symbol: Schematics:

>o—1
>o—T

@l

|
T

Truth Table:
d g | g ¢qn
0 1 1 0
1 1 1 1 0
x 0 q gqn
X 1 0 1

Loading Characteristics:
Values stated in standard loads.

Version d g cl

sld3 1.0 1.0 1.0
LCA300K Internal Macrocells Latches 2-209
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BN 5304804 0014922 255 EELLC

sld3
D Latch with Synchronous Clear

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).
Gate Delay Standard Loads
Version Count Path Output 4 8 12
sld3 5 g_to_ tpLH 1.24
tpHL 1.07
g_to_gn tpLH 1.29
tpHL 1.22
d_to_q tpLH 1.22
tpHL 1.10
d_to_gn tpLH 1.31
tpHL 1.21
cl_to_q tpLH . 1.22
tpHL 1.10
cl_to_qn tpLH 1.31
tpHL 1.21

Timing Constraints:
Version Parameters
sld3 d_setup
d_hold
cl_setup
cl_hold
g_pwo
g pwl

LCA300K Internal Macrocells Latches
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MR 5304804 0014923 191 EELLC

sld4
D Latch with Active Low Gate and Synchronous Clear
Name: sld4 Description: D Latch with Active Low Gate and Synchronous Clear
Coding Syntax: u(q,qn)=sld4(d,gn,cl)
Logic Symbol: Schematics:
— q
d ” o
o | h— ot

Q;L
?
v ‘g||7§‘g| SE

o[>S o
gn

Truth Table:

d g ¢ | q ¢qn

0 0 1 0

1 0 1 1 0

X 1 q gn

X 0 0 1
Loading Characteristics:
Values stated in standard loads.

Version d gn cl

sld4 1.0 0.5 1.0

LCA300K Internal Macrocells Latches 2-211
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B 5304804 00Lu924 D8 EELLC
sida
D Latch with Active Low Gate and Synchronous Clear

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version Count Path Output 2 4 8 12 16
sld4 5 gn_to_q tpLH 0.93 1.02 1.21 1.39 1.58

tpHL 0.93 1.00 1.13 1.24 1.34
gn_to_qn tpLH 1.10 1.18 1.34 1.51 1.69
tpHL 1.05 1.11 1.19 1.28 1.36
cl_to_q tpLH 0.95 1.04 1.22 1.41 1.59
tpHL 0.90 0.97 1.10 1.21 1.31
cl_to_gn tpLH 1.07 1.15 1.31 1.48 1.66
tpHL 1.06 1.12 1.21 1.29 1.37
d_to_q tpLH 0.95 1.04 1.22 1.41 1.59
tpHL 0.90 0.97 1.10 1.21 1.31
d_to_gn tpLH 1.07 1.15 1.31 1.48 1.66
tpHL 1.06 1.12 1.21 1.29 1.37

Timing Constraints:

Version Parameters Value
sld4 d_setup 0.55
d_hold 0.07

cl_setup 0.55

cl_hold 0.07

gn_pw0 0.57

gn_pwl 0.57

2212 LCA300K Internal Macrocells Latches
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WM 530480y 0014925 Thky EELLC
sric1
D Latch into D Latch with Scan Input

Name: sricl Description: D Latch into D Latch with Scan Input
Coding Syntax: U(ql.q1n,q2,q2n)=srlc1*(d,c1,si,tc,c2)
Logic Symbol: Schematics:
14 a0 — ol —>o—qt
4 —D4— — qin
— e gln  — o _&_E_f _At_c 32_ 02
— si 92 [— & E-;—Elj_‘ = = q2n
] tc 92n si ——|>+* c =
— 2 tc - =

Truth Table:

cd t ¢2|ql qln q2 q2n
0| d d q2 g2n
0 |si s q2 g2n
1 [gql gln gl qln

Loading Characteristics:
Values stated in standard loads.

Version d cl si tc c2

sricl 1.0 1.0 1.0 1.0 1.0

stlclp 1.0 1.0 1.0 1.0 1.0
LCA300K Internal Macrocells Latches 2-213
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M 5304804 001492t 9TO MELLC
sricl
D Latch into D Latch with Scan Input

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version | Count Path Output 2 4 8 12 16
srlcl 11 cl_to gl tpLH 0.97 1.07 1.25 1.44 1.62
tpHL 0.95 1.02 1.16 1.28 1.39
cl_to_qln tpLH 1.10 1.18 1.35 1.52 1.69

tpHL 1.09 1.14 1.23 1.31 1.39
cl_to_q2 tpLH 1.47 1.55 1.72 1.90 2.08
tpHL 1.50 1.56 1.68 1.78 1.88
cl_to_g2n tpLH 1.68 1.76 1.92 2.09 227
tpHL 1.58 1.63 1.72 1.80 1.88
d_to_ql tpLH 0.82 092 1.11 1.29 1.48
tpHL 0.89 0.96 1.10 1.22 1.33
d_to_gln tpLH 1.05 1.13 1.29 1.46 1.64
tpHL 0.95 0.99 1.08 1.17 1.25
d_to_q2 tpLH 1.32 1.41 1.58 1.75 1.93
tpHL 1.44 1.50 1.62 1.72 1.82
d_to_g2n tpLH 1.63 1.70 1.87 2.04 221
tpHL 1.44 1.49 1.58 1.66 1.74
si_to_ql tpLH 1.08 1.18 1.37 1.55 1.74
tpHL 1.14 1.21 1.35 147 1.58
si_to_qln tpLH 1.30 1.38 1.54 1.71 1.89
tpHL 1.21 1.25 1.34 1.42 1.51
si_to_q2 tpLH 1.58 1.67 1.84 2.01 2.19
tpHL 1.69 1.75 1.87 1.98 2.07
si_to_q2n tpLH 1.88 1.95 212 2.29 2.47
tpHL 1.70 1.75 1.84 1.92 2.00
tc_to_ql tpLH 1.20 1.29 1.48 1.67 1.85
tpHL 1.17 1.24 1.38 1.50 1.61
tc_to_qln tpLH 1.33 1.41 1.57 1.74 1.92
tpHL 1.32 1.36 1.45 1.54 1.62
tc_to_q2 tpLH 1.69 1.78 1.95 2.12 2.30
tpHL 1.72 1.78 1.90 2.01 2.10
tc_to_g2n tpLH 191 1.98 2.15 232 2.50
tpHL 1.81 1.86 1.95 2.03 2.11
c2_to_q2 tpLH 0.89 0.97 1.14 1.32 1.50
tpHL 0.79 0.84 0.96 1.07 1.17
c2_to_q2n tpLH 0.97 1.05 1.21 1.38 1.56
tpHL 1.01 1.06 1.14 1.23 1.31
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D Latch into D Latch with Scan Input

AC Characteristics: (Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Gate Delay Standard Loads
Version | Count Path Output 2 4 8 2 16

stlclp 13 cl_to_ql tpLH 0.95 1.00 1.08 1.17 1.26
tpHL 0.96 1.01 1.10 1.18 1.25

cl_to_gln tpLH 1.21 1.25 1.34 142 1.50

tpHL 1.14 1.18 1.23 1.28 1.33

cl_to_q2 tpLH 1.56 1.60 1.70 1.78 1.87

tpHL 1.67 1.71 1.78 1.84 1.90

cl_to_g2n tpLH 1.87 1.91 1.99 2.07 2.16
tpHL 1.75 1.78 1.83 1.88 1.93
d_to_qgl tpLH 0.89 0.94 1.03 1.11 1.20
tpHL 0.89 0.94 1.04 1.11 1.19

d_to_qln | tpLH 114 1.19 127 135 143
tpHL 1.08 1.12 .18 1.22 127
d_to_q2 tpLH 1.50 1.54 1.64 172 1.81
tpHL 1.60 1.64 171 177 1.83
dto_q2n | tpLH 1.80 1.34 192 | 201 2.09
tpHL 1.69 172 1.77 1.82 188
si_to_ql t(pLH 1.16 121 130 138 147
t(pHL 1.14 1.19 1.28 1.36 143
si_to_qln | tpLH 1.39 143 1.51 1.60 1.68
tpHL 135 1.39 145 1.49 1.54
si_to_q2 tpLH 177 1.81 1.91 199 | 2.08
tpHL 1.85 1.89 196 | 201 2.08

si_to_g2n tpLH 2.05 2.09 217 225 2.34
tpHL 1.96 1.99 2.04 2.09 2.15

tc_to_ql tpLH 1.15 120 129 138 1.46
tpHL 1.17 122 131 1.39 1.46
tc_to_qln | tpLH 141 1.46 1.54 1.62 1.70
t(pHL 1.35 138 1.44 1.49 1.53
tc_to_q2 | tpLH 177 1.81 1.90 199 | 2.07
tpHL 1.87 1.92 198 | 204 | 2.10

tc_to_q2n tpLH 2.07 2.12 220 228 236
tpHL 1.95 1.98 2.04 2.09 2.14
c2_to_q2 tpLH 0.99 1.03 1.13 1.21 1.30
tpHL 0.80 0.84 091 097 1.03
c2_to_q2n tpLH 1.00 1.04 1.12 1.20 1.29
tpHL 1.18 1.21 1.27 1.31 1.37

LCA300K Internal Macrocells Latches 2-215
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Timing Constraints:

Version Parameters Value Version Parameters Value
srlcl d_cl_setup 0.64 sticlp d_cl_setup 0.84
d_c1_hold 0.10 d_c1_hold -0.16
d_c2_setup 1.07 d_c2_setup 1.07
d_c2 hold -0.20 d_c2_hold -0.15
si_setup 0.73 si_setup 0.86
si_hold 0.00 si_hold -0.17
cl_pw 0.65 cl_pw 0.68
tc_pw 0.65 tc_pw 0.68
c2_pw 0.65 c2_pw 0.63
2216 LCA300K Internal Macrocells
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25 This section contains data pages for the LCA300K internal clock buffers.
Internal Clock
Buffers
Naming Internal clock buffer names have the following format:
Conventions . . .
root_name | input_voltage_level_option | drive_strength |
internal_buffer_flag
Table 2.1 shows the naming conventions used for internal clock buffers.
Table 2.1 Input Voltage Internal
Internal Clock Root Name Level Options Drive Strength in mA Buffer Flag
Buffer Naming clk t="TTL 2 (maximum loading < 250) i
Conventions

¢ = CMOS 4 (maximum loading < 500)
8 (maximum loading < 1,500)
16 (maximum loading < 2,000)

For example, c1kt21i is a 2 mA internal clock buffer with TTL input.

Note: For the coding syntax, an asterisk following the cell name is a wild-
card symbol that replaces the drive strength values.

LCA300K Internal Macrocells Internal Clock Buffers 2-217
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Internal Clock Buffer

Name: clkc Description:  Internal Clock Buffer
Coding Syntax: z=clkc*i(a)
Logic Symbol: Schematics:
. 1’\ , a Jl>cﬁ Do 2
Truth Table:
a Z
0|0
1|1

Loading Characteristics:
Values stated in standard loads.

Version a
clke2i 2.1
clkedi 2.1
clke8i 2.1
clkc12i 2.1
clkcl6i 2.1

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

/o Delay Standard Loads
Version | Slots Path Output | 100 150 200 300 400 600
clke2i 2 a_to_z tpLH 0.88 1.02 1.16 1.45 1.74 232
tpHL 0.92 1.14 1.37 1.82 2.27 3.18

10 Delay Standard Loads
Version Slots Path Output | 150 200 300 400 600 800
clkcdi 2 a_to_z tpLH 0.82 0.92 1.03 1.24 1.45 1.88
tpHL 0.81 0.98 1.15 1.49 1.82 2.50
Version Slots Path Output | 200 300 400 600 800 1000
clke8i 2 a_to_z tpLH 0.87 1.21 1.56 1.80 2.16 2.52
tpHL 0.85 1.36 1.87 221 2.72 3.22

2-218 LCA300K Internal Macrocells Internal Clock Buffers
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Internal Clock Buffer

AC Characteristics: (Cont.)

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

Version Slots Path Output | 400 600 800 1000 | 1200 | 1600
clke12i 2 a_to_z tpLH 1.09 1.30 1.51 1.73 1.95 2.38
tpHL 1.23 1.57 1.90 224 258 3.26

/o Delay Standard Loads
Version Slots Path Output 400 600 800 1200 | 1600 | 2000
clkcl6i 2 a_to_z tpLH 1.0t 1.10 1.29 1.57 1.85 2.23
tpHL 1.10 1.26 1.57 2.03 249 3.10

LCA300K Internal Macrocells Internal Clock Buffers 2-219
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Internal Clock Buffer

Name: clkt Description:  Internal Clock Buffer
Coding Syntax: z=clkt*i(a)
Logic Symbol: Schematics:
a I 7 a DC >O0—— 2
Truth Table:
a z
0|0
1|1

Loading Characteristics:
Values stated in standard loads.

Version a
clkt2i 2.0
clktdi 2.0
clkt8i 2.0
clktl2i 2.0
clkt16i 20

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

I/o Delay Standard Loads
Version Slots Path Output | 100 150 200 300 400 600
clkt2i 2 a_to_z tpLH 0.90 1.04 1.18 1.47 1.75 2.34
tpHL 1.01 1.24 1.46 191 2.36 3.27
1 /0 De. lay Standar d Loads
Version Slots Path Output | 150 200 300 400 600 800
clktdi 2 a_to_z tpLH 0.86 0.97 1.07 1.28 1.49 1.93
tpHL 0.90 1.07 1.25 1.58 1.92 2.59
/0 Delay Standard Loads
Version | Slots Path Output | 200 300 400 600 800 | 1000
clkt8i 2 a_to_z tpLH 0.92 1.26 1.61 1.85 221 2.57
tpHL 0.95 1.46 197 2.30 2.81 3.32
2-220 LCA300K Internal Macrocells Internal Clock Buffers
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Internal Clock Buffer

AC Characteristics: (Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal.
Values stated in nanoseconds. Ramp time=0.2 ns (measured from 10% to 90% VDD).

1o Delay Standard Loads
Version Slots Path Output | 400 600 800 1000 | 1200 | 1600
clkt12i 2 a_to_z tpLH 1.15 1.35 1.57 1.79 2.01 245
tpHL 1.32 1.66 2.00 234 2.68 3.35

/o De lay Standard Loads
Version Slots Path Quitput | 400 600 800 1200 | 1600 | 2000
clkt16i 2 a_to_z tpLH 1.07 1.16 1.35 1.63 191 2.29
tpHL 1.20 1.36 1.67 2.13 2.58 3.20
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Chapter 3
5V and 3.3V 1/0 Macrocells

31
Introduction

The I/O 300K library, companion to the LCA300K technology library,
contains:

® 5V CMOS, TTL, and Schmitt trigger input macrocells
m 3.3 VI/Os (TTL-compatible buffers)

These I/0 macrocells allow the designer to bridge the gap between current
and future systems. Requirements for increasingly complex, bus-oriented
system design have raised gate and pin counts and increased system clock
rates. This trend increases switching noise in buses and increases the total
power dissipation by the outputs of an ASIC. The IEEE has standardized
a 3.3 V supply voltage, which results in lower power dissipation and less
output noise than does a 5 V supply voltage. Designs can now accept and
provide 3.3 V signals with fully characterized cells, in compliance with
TTL specifications.

Delay data information given for 5 V TTL input buffers in this chapter may
be used for 3.3 V applications. Special 3.3 V output and bidirectional buff-
ers may be used to drive a 3.3 V signal.

Nomenclature and delays of 3.3 V output buffers are different from those
of corresponding 5 V buffers. The names of 5 V buffers have no suffix; the
names of corresponding 3.3 V I/Os are suffixed by a lowercase L (1), to
indicate low voltage.

Although slew rate control with 5 V operation may be used to reduce noise
levels, 3.3 V buffers provide this benefit with less propagation delay.

The 3.3 V cells are integrated into LSI Logic’s C-MDE software.

5Vand 3.3V /0 Macrocells Introduction 3-1
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32
Power
Dissipation

Overall power dissipation of an ASIC may be reduced by using 3.3V
buffers.

The most important factor in calculating power dissipation is the charging
and discharging of capacitance during circuit switching. The charging of
capacitor C to a voltage V through a P-channel device builds up a charge
CV and stores energy 1/2 CV?Z. This energy is later discharged through an
N-channel transistor in a CMOS P-N pair. When such switching takes
place at a frequency f, the resulting power dissipated in the CMOS circuit
is equivalentto P = fCV2(1/2). This AC power dissipation usually contrib-
utes more than 95% of the total power dissipated in CMOS circuits. For
equivalent C and f, power dissipation of the outputs is decreased by
56.44% through the use of a 3.3 V instead of a 5 V buffer.

33

Power Ring
Structures and
Power Rules

32

In addition to the three ground buses (VSS, VSS2, and VSS3), and the two
power buses (VDD and VDD?2), designs using 3.3 V buffers need an addi-
tional 3.3 V power bus, VDD4, for external output drivers.

The power ring structures for 5 V and 3.3 V operation are shown in Figure
3.1 (“Internal Power and Ground Ring Structure Using 5 V Power Supply
for 5 V Output Buffers”) and Figure 3.2 (“Internal Power and Ground Ring
Structure Using 3.3 V Power Supply for 3.3 V Output Buffers”),
respectively.

If a 3.3 V buffer is used, the VDD4 power segment is created within the
VDD power ring during the layout stage of the design. 3.3 V operation
may be chosen for any or all outputs.

VDD4 uses the same power and ground rules described for VDD and VSS
in Chapter 1. Every VDD4 pad supports up to 16 standard output buffers
(a standard output buffer is a 4 mA buffer). In the case of simultaneous
switching, each VDD4 pad supports up to 10 standard output buffers. Each
VDD4 segment must have at least one VDD4 pad.

LSI Logic’s 3.3 V design methodology maximizes the available I/O buff-
ers for any design. Designs using VDD4 as a separate 3.3 V power bus for
external 3.3 V output drivers are 25% to 30% smaller and 10% t015%
faster than designs using a 5 V power bus.

5Vand 3.3V I/0 Macrocells Power Dissipation
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Figure 3.1
Internal Power and
Ground Ring
Structure
Using 5 V Power
Supply
for 5V Outputs
CMOS
Compacted
Array Core
vDD
VSS2 (Internal)
VSS3 (Input)
VDD3 (input)
VDD (Output & Internal 5 V)
VSS (Output)
Figure 3.2
Internal Power and
Ground Ring
Structure
Using 3.3 V Power
Supply
for 3.3 V Outputs
CMOS
Compacted
Array Core
vDD
VSS2 (Internal)
V883 (Input)
VDDS3 {Input)
VDD (Output & Internal 5 V)
VDD4 (Output 3.3 V)
VSS (Output)
5Vand 3.3V 1I/0 Macrocells Power Ring Structures and Power Rules 3-3
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34 The remainder of this chapter is organized into the following sections:
Organization .
m Input Clock Drivers
m Input Buffers
®  Unidirect Output Buffers
m Bidirect Output Buffers
m 3-State Output Buffers
a Oscillators
m Commercial Output Buffers
m 33VI/Os
Naming conventions for different macrocell types are given at the begin-
ning of each section.
35 This section contains data pages for LCA300K input clock drivers.
Input Clock
Drivers
Naming Input clock driver names have the following format:
Conventions . . . .
root_name | input_voltage_level_option | drive_strength | resistor
(optional)
Table 3.1 shows the naming conventions used for input clock drivers.
Table 3.1 Input Voltage
Input Clock Driver Root Name' Level Options Drive Strength in mA  Optional Resistors
Naming Conventions - -
drv t=TTL 2 (maximum loading < 250) u = pull-up
¢ =CMOS 4 (maximum loading < 500) d = pull-down
sc = Schmitt trigger for 8 (maximum loading < 1,000)
CMOS 16 (maximum loading < 2,000)

3-4

1. The prefix d (direct) is used only for the direct input clock driver, ddrv.

For example, drvc2u is an input clock driver with CMOS input, a 2 mA
drive strength, and a pull-up resistor.

Note: For the coding syntax, an asterisk following the cell name (for exam-
ple, drvc*) is a wildcard symbol that replaces options’ abbreviations and
drive strength values.

5Vand 3.3V /0 Macrocells Organization
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ddrv

Direct Input Clock Driver

Name: ddrv Description:  Direct Input Clock Driver
Coding Syntax: z=&ddrv*(a)
Logic Symbol: Schematics:

Pull-Up Option ~ —

|_°|E,

i
1

a z Input
Protect

L
Pull-Down Option v
Loading Characteristics: Not Applicable

AC Characteristics:
vDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

10 Delay Standard Loads
Version | Slots | Pads | Path |Quwput, 50 100 | 200 | 300 | 400 | 500 | Slope | Incpt
ddrv 1 1 a_to_z | tpLH | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.0000 | 0.0000
tpHL | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.0000 | 0.0000
5Vand 3.3 VI/0 Macrocells Input Clock Drivers 3-5
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drve

Clock Driver with CMOS Input

Name: drve Description:  Clock Driver with CMOS Input
Coding Syntax: u(z,po)=&drvc*(a,pi)
Logic Symbot: Schematics:

Pull-Up Option
pi ‘L‘_OI !_T

o — ;o[ - —> %5“

po Pull-Down Option i

po
pi
Truth Table:
a pi| z po
0 X 0 1
1 0 1 1
1 1 1 0

Loading Characteristics:
Values stated in standard loads.

Version pi
drve2 0.5
drvc4 0.5
drvc8 0.5
drvcl2 0.5
drvcl6 0.5

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal, Values stated in nanoseconds.

Delay Standard Loads
Version | Slots | Pads | Path | Output| 50 100 | 200 | 300 | 400 | 500 | Slope | Incpt
drvc2 2 1 Jato_z| tpLH | 1.07 | 1.25 | 1.62 | 1.98 | 234 | 2.71 | 0.0036 | 0.8900
tpHL [ 090 | 1.09 | 149 | 1.88 | 227 | 2.67 | 0.0039 | 0.7000
drvc4 2 1 |atoz| tpLH | 1.03 | 1.16 | 143 | 1.70 | 1.97 | 2.24 [ 0.0027 | 0.8900
tpHL | 0.87 1.01 130 | 1.60 | 1.89 | 2.18 | 0.0029 | 0.7200
drvc8 2 1 ato_z| tpLH | 1.02 | 1.12 | 1.31 1.51 1.71 1.91 | 0.0020 | 0.9200

tpHL | 086 | 0.95 | 1.15 | 1.34 | 1.54 | 1.73 | 0.0019 | 0.7600
drvcl2 2 1 jato_z| tpLH | 105 | 1.12 | 1.25 | 139 | 1.53 | 1.66 | 0.0014 | 0.9800
tpHL | 087 | 095 | 1.09 | 1.24 | 1.38 | 1.53 | 0.0015 | 0.8000
drvcl6 2 1 jatoz| tpLH | 1.07 | 1.11 | 121 | 130 | 1.40 | 1.49 | 0.0009 | 1.0200
tpHL | 091 | 097 | 1.08 | 1.19 | 1.29 | 1.40 | 0.0011 | 0.8600

36 5Vand 3.3V l/0 Macracells Input Clock Drivers
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Clock Driver with CMOS Schmitt Trigger Input

Name: drvsc Description:  Clock Driver with CMOS Schmitt Trigger Input
Coding Syntax: u(z,po)=&drvsc*(a,pi)
Logic Symbol: Schematics:
Puli-Up Option
T
pi =|‘°||:‘
Input !
a SR ey
. o
Pull-Down Option

Truth Table:
a pi| z po
0 X 0 1
1 0 1 1
1 1 1 0

Loading Characteristics:
Values stated in standard loads.

Version pi
drvsc2 0.5
drvscd 0.5
drvsc8 0.5
drvscl2 0.5
drvsc16 0.5

AC Characteristics:

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.
/0 Delay Standard Loads

Version | Slots | Pads | Path | Output | 50 100 | 200 | 300 | 400 | 500 | Slope | Incpt
drvsc2 2 1 a_to_z| tpLH 1.67 | 1.85 | 2.22 | 2.58 | 2.94 | 3.31 | 0.0036 | 1.4900
tpHL 1.83 | 2.02 | 2.42 | 2.81 | 3.20 | 3.60 | 0.0039 | 1.6300
drvsc4 2 1 a_to_z | tpLH 1.67 | 1.80 | 2.07 | 2.34 | 2.61 | 2.88 | 0.0027 | 1.5300
tpHL 180 | 194 | 223 | 2.53 | 2.82 | 3.11 | 0.0029 | 1.6500
drvsc8 2 1 a_to_z { tpLH 1.67 { 1.77 | 1.96 | 2.16 | 2.36 | 2.56 | 0.0020 | 1.5700
tpHL 1.80 | 1.89 | 2.09 | 2.28 | 2.48 | 2.67 | 0.0019 | 1.7000

5Vand 3.3 V1/0 Macrocells Input Clock Drivers 3-7
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drvsc

Clock Driver with CMOS Schmitt Trigger Input

AC Characteristics: (Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

/0 Delay Standard Loads

Version | Slots | Pads | Path | Output | 50 100 | 200 | 300 | 400 | 500 | Slope | Incpt
drvscl2 2 1 a_to_z | tpLH 1.73 | 1.79 | 193 | 2.06 | 2.20 | 2.33 | 0.0013 | 1.6600
tpHL 1.80 | 1.88 | 2.02 | 2.17 | 231 | 2.46 | 0.0015 | 1.7300
drvscl6 2 1 |atoz| tpLH | 172 | 1.76 | 1.86 | 1.95 | 2.05 | 2.14 | 0.0009 | 1.6700
tpHL 190 [ 1.95 | 206 | 2.16 | 2.27 | 2.37 | 0.0010 | 1.8500

3-8 §Vand 3.3V /0 Macrocells Input Clock Drivers
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Clock Driver with TTL Input

Name: drvt Description:  Clock Driver with TTL Input
Coding Syntax: u(z,po)=&drvt*(a,pi)
Logic Symbol: Schematics:
Pull-Up Option [J_
. I
pi - i
a —Input . f Dc z
a z Protect !
—LIE' — po
po Pull-Down Option
pi
Truth Table:
a pi|l z po
0 x| 0 1
1 0 1 1
1 1 1 0
Loading Characteristics:
Values stated in standard loads.
Version pi
drvt2 0.5
drvitd 05
drvt8 0.5
drvt12 0.5
drvtl6 0.5
AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.
10 Delay Standard Loads
Version | Slots | Pads | Path | Output | 50 100 | 200 | 300 | 400 | 500 | Slope | Incpt
drvt2 2 1 atoz| tpLH | 1.11 | 129 | 1.66 | 2.02 | 2.38 | 2.75 | 0.0036 | 0.9300
tpHL | 090 | 1.09 | 1.49 | 1.88 | 2.27 | 2.67 | 0.0039 | 0.7000
drvtd 2 1 ato_z| tpLH | 1.11 | 1.24 | 1.51 | 1.78 | 2.05 | 2.32 | 0.0027 | 0.9700
tpHL | 0.87 | 1.01 | 1.30 | 1.60 | 1.89 | 2.18 | 0.0029 | 0.7200
drvt8 2 1 ato_z|{ tpLH | 1.10 | 120 | 1.39 | 1.59 | 1.79 | 1.99 | 0.0020 | 1.0000
tpHL | 0.86 | 0.95 | 1.15 | 1.34 | 1.54 | 1.73 | 0.0019 | 0.7600
drvtl12 2 1 atoz| tpLH | 1.18 | 1.24 | 1.38 | 1.51 | 1.65 | 1.78 | 0.0013 | 1.1100
tpHL | 0.87 | 095 | 1.09 | 1.24 | 1.38 | 1.53 | 0.0015 | 0.8000
drvt16 2 1 ato_z| tpLH | 1.16 | 1.20 | 1.30 | 1.39 | 1.49 | 1.58 | 0.0009 | 1.1100
t(pHL | 096 | 1.01 | 1.12 | 1.22 | 1.33 | 1.43 | 0.0010 | 0.9100

5Vand 3.3V I/0 Macrocells Input Clock Drivers 3-9
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36 This section contains data pages for the LCA300K input buffers.
Input Buffers

Naming Input buffer names have the following format:

Conventions

root_name | input_voltage_level_option | resistor (optional)

Table 3.2 shows the naming conventions used for input buffers.

Table 3.2 Input Voltage
Input Buffer Root Name Level Options Optional Resistors
Naming i
Conventions ibuf! t=TTL u = pull-up
schmit tn = inverted TTL d = pull-down
tlch? ¢ =CMOS

cn = inverted CMOS

1. CMOS voltage level option only. Macrocell names are ipuf
for non-inverting, ibutn for inverting.

2. TTLvoltage level option only. Macrocell names are tlcht for
non-inverting, t1chn for inverting.

For example, schmi t cnd is an inverted Schmitt trigger with CMOS input
and a pull-down resistor.

» Note: For the coding syntax, an asterisk following the cell name (for exam-
ple, ibuf*) is a wildcard symbol that replaces options’ abbreviations.

5Vand 3.3V l/0 Macrocells Input Buffers 3-11
10/93 © 1992, 1993 LS! Logic Corp. Proprietary information




BN 5304804 0014944 916 EELLC

ibuf
CMOS Input Buffer
Name: ibuf Description: CMOS Input Buffer
Coding Syntax: u(z,po)=&ibuf*(a,pi)
Logic Symbol: Schematics:
Pull-Up Option
pi L ET
i .
: I T B P :
L ~po
po Pull-Down Option
pi
Truth Table:
a pi| z po
0 X 0 1
1 0 1 1
1 1 1 0

Loading Characteristics:

Values stated in standard loads.
Version pi
ibuf 0.5

Pin A Input Capacitance: Device(1.7 pF) + pad(0.8 pF) = 2.5 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

10 Delay Standard Loads
Version Slots | Pads Path Output 2 4 8 12 16 Slope Incpt
ibuf 1 1 a_to_z tpLH 049 | 053 | 0.59 | 0.66 | 0.72 | 0.0163 | 0.4600
tpHL 036 | 038 | 043 | 047 | 0.52 | 0.0112 | 0.3400
3-12 5Vand 3.3V /0 Macrocells Input Buffers
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inverted CMOS Input Buffer

Name: ibufn Description: Inverted CMOS Input Buffer
Coding Syntax: u(z,po)=&ibufn*(a,pi)
Logic Symbol: Schematics:

Pull-Up Option E
) o
pi L

| Input _—F—I>O—T———
a ; z
a z Protect i
‘ 0

po Pull-Down Option l:|V ‘
pi
Truth Table:
a pi| z po
0 1 0
1 X 0 1
0 0 1 1

Loading Characteristics:
Values stated in standard loads.

Version pi
ibufn 05
Pin A Input Capacitance: Device(1.7 pF) + pad(0.8 pF) = 2.5 pF

AC Characteristics: ‘
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

10 Delay Standard Loads
Version Slots | Pads Path Output 2 4 8 12 16 Slope Incpt
ibufn 1 1 a_to_z tpLH 026 | 030 | 037 | 045 | 0.53 | 0.0191 | 0.2200
tpHL 034 | 0.38 | 044 | 0.51 | 0.57 | 0.0165 | 0.3100

5V and 3.3V /0 Macrocells Input Buffers 3-13
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Schmitt Trigger Input Buffer

Name: schmitc Description: Schmitt Trigger Input Buffer
Coding Syntax: u(z,po)=&schmitc*(a,pi)
Logic Symbol: Schematics:

Puil-Up Option
" oLk
T

a z Input L
a Protect |
. L

Pull-Down
Option

Truth Table:
a pi| z po
0 X 0 1
1 o1 1
1 1]1 o0

Loading Characteristics:

Values stated in standard loads.
Version pi
schmitc 0.5

Pin A Input Capacitance: Device(1.7 pF) + pad(0.8 pF) = 2.5 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

o Delay Standard Loads
Version | Slots | Pads | Path Output 2 4 8 12 16 Slope Incpt
schmitc 1 1 a_to_z tpLH 107 | 117 | 1.37 | 1.57 | 1.77 | 0.0497 | 0.9700
tpHL 1.36 | 141 1.50 | 1.60 | 1.70 | 0.0242 1.3100
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schmitcn

Inverted Schmitt Trigger input Buffer

Name: schmitcn Description:  Inverted Schmitt Trigger Input Buffer
Coding Syntax: u(z,po)=&schmitcn*(a,pi)
Logic Symbol: Schematics:

Pull-Up Option

pi
Input
2 z a D_Protect
po
Puli-Down Option |
Truth Table:
a pi| z po
0 0 1 1
0 1 0
1 X 0 1

Loading Characteristics:
Values stated in standard loads.

Version pi

schmitcn 0.5
Pin A Input Capacitance: Device(1.7 pF) + pad(0.8 pF) = 2.5 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.
10 Delay Standard Loads
Version | Slots | Pads Path Output 2 4 8 12 16 Slope Incpt
schmitcn 1 1 a_to_z tpLH 1.34 | 1.38 | 148 | 1.57 | 1.67 | 0.0236 | 1.2900
tpHL 126 | 1.30 | 1.38 | 146 | 1.53 | 0.0196 | 1.2200
5Vand 3.3V /0 Macrocells Input Buffers 3-15
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schmitt

Input Pad with TTL-Level Schmitt Trigger

Name:  schmitt Description:  Input Pad with TTL-Level Schmitt Trigger
Coding Syntax: u(z,po)=&schmitt*(a,pi)
Logic Symbol: Schematics:

Pull-Up Option

pi J-:Olg,
: Sl L‘i;

po
Pull-Down Option

po

Pl

<4

Truth Table:
a pi z po
0 X 0 1
1 0|1 1
1 1/1 o

Loading Characteristics:

Values stated in standard loads.
Version pi
schmitt 0.5
Pin A Input Capacitance: Device(1.7 pF) + pad(0.8 pF) = 2.5 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

10 Delay Standard Loads
Version | Slots | Pads | Path Output 2 4 8 12 16 Slope Incpt
schmitt 1 1 a_to_z tpLH 1.11 1.20 | 140 | 1.59 | 1.79 | 0.0486 1.0100
tpHL 1.18 | 1.23 | 1.34 | 144 | 1.55 | 0.0260 | 1.1300
3-16 5Vand 3.3V /0 Macrocells Input Buffers
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schmittn
Input Pad with Inverting TTL-Level Schmitt Trigger

Name: schmittn Description:  Input Pad with Inverting TTL-Level Schmitt Trigger
Coding Syntax: u(z,po)=&schmittn*(a,pi)
Logic Symbol: Schematics:

T

Pull-Up Option
. T
pi il
=
a : Input ! :
Protect I
Le

) v

Pull-Down Option

Truth Table:
a pi| z po
0 o011 1
0 1|1 o0
1 X 0 1

Loading Characteristics:
Values stated in standard loads.

Version pi
schmittn 0.5
Pin A Input Capacitance: Device(1.7 pF) + pad(0.8 pF) = 2.5 pF

AC Characteristics:

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.
/0 Delay Standard Loads
Version Slots | Pads Path Output 2 4 8 12 16 Slope Incpt
schmittn 1 1 a_to_z tpLH 1.13 | 1.17 | 124 | 131 1.37 | 0.0172 1.1000
tpHL 146 | 1.51 1.61 170 | 1.80 | 0.0244 1.4100

Input Buffers 3-17
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TTL Input Buffer

Name: ticht Description:  TTL Input Buffer
Coding Syntax: u(z,po)=&tlcht*(a,pi)
Logic Symbol: Schematics:

Pull-Up Option

pi

T
pi _:L‘qL L
Input |

M »
|

Protect I z
, L%

Pull-Down Option

Truth Table:
a pt Z pO
0 x| 0 1
1 o1 1
1 1{1 0

Loading Characteristics:
Values stated in standard loads.

Version pi
ticht 05
Pin A Input Capacitance: Device(1.7 pF) + pad(0.8 pF) = 2.5 pF
AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.
i) Delay Standard Loads
Version | Slots | Pads | Path QOutput 2 4 8 12 16 Slope Incpt
ticht 1 1 a_to_z tpLH 051 | 054 | 0.60 | 0.66 | 0.72 | 0.0152 | 0.4800
tpHL 037 | 039 | 042 | 046 | 0.50 | 0.0091 | 0.3500
3-18 5Vand 3.3V I/0 Macrocells Input Buffers
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tichn
Inverted TTL Input Buffer
Name: tichn Description:  Inverted TTL Input Buffer
Coding Syntax: u(z,po)=&tichn*(a,pi)
Logic Symbol: Schematics:
Pull-Up Option
, E ’
pi Ins
= : po
Input ®
: : 8 Protect DG z

] i

Pull-Down Option

Truth Table:
a pi| z po
0 1 1
1 0
0 1 0

Loading Characteristics:

Values stated in standard loads.
Version pi
tichn 0.5
Pin A Input Capacitance: Device(l1.7 pF) + pad(0.8 pF) = 2.5 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

10 Delay Standard Loads
Version | Slots | Pads | Path Output 2 4 8 12 16 Slope Incpt
tichn 1 1 a_to_z tpLH 029 | 039 | 059 | 0.79 | 1.00 | 0.0504 | 0.1900
tpHL | 0.36 | 040 | 049 | 0.58 | 0.67 | 0.0226 | 0.3100
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Input Pad with Buffer for TN Input

Name: icptnu Description:  Input Pad with Buffer for TN Input
Coding Syntax: u(z,po)=icptnu(a,pi)
Logic Symbol: Schematics:
T
|

pi -
Input l__{ >o—|>—l >0—
2 a Protect z

po _DO_ po

Loading Characteristics:
Values stated in standard loads.
Version pi

icptnu 0.3
Pin A Input Capacitance: Device(1.7 pF) + pad(0.8 pF) = 2.5 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

10 Delay Standard Loads
Version Slots | Pads Path Output 2 4 8 12 16 Slope Incpt
icptnu 1 1 ato z tpLH 054 | 061 | 0.76 | 091 1.06 | 0.0376 | 0.4600

tpHL 0.37 | 040 | 0.46 | 051 | 057 | 0.0146 | 0.3400
a_to_po| tpLH 072 | 1.18 | 2.12 | 3.05 | 3.98 | 0.2332 | 0.2500
tpHL 044 | 059 | 0.89 | 1.18 | 1.48 | 0.0745 | 0.2900
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3.7 This section contains data pages for LCA300K unidirect output buffers.
Unidirect Output
Buffers
Naming Unidirect output buffer names have the following format:
Conventions . .
root_name | drive_strength | slew_rate_control (optional)
Table 3.3 shows the naming conventions used for unidirect output buffers.
Table 3.3 Root Name  Drive Strength in mA  Slew Rate Control Options’
Unidirect Output b ] .
Buffer Naming none = mimmuin
Conventions 2 rp = moderate
4 r = maximum
6
8
12
1. Slew rate control is not available for bl and b2 buffers.
For example, b4rp is a 4 mA unidirect output buffer with moderate slew
rate control.
» Note: For the coding syntax, an asterisk following the cell name (for exam-
ple, b4 *) is a wildcard symbol that replaces options’ abbreviations.
Converting Buffer delays are given for CMOS levels. To convert the delay from a
Delays from CMOS level (switching threshold = 2.5 V) to a TTL level (switching
CMOS to TTL threshold = 1.4 V), use the following equations:

tpHL = SLOPE x Cload x 1.5 + INCPT
tpLH = SLOPE x Cload x .55 + INCPT

5 Vand 3.3 V1/0 Macracells Unidirect Qutput Buffers 3-21
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b1/b2

1 mA/2 mA Unidirect Output Buffer

Name: bl/b2 Description: 1 mA/2 mA Unidirect Output Buffer
Coding Syntax: z=&b1/b2(a)

Logic Symbol: Schematics:

Loading Characteristics:
Values stated in standard loads.

Version a
bl 0.5
b2 0.5

Pin A Input Capacitance: Device(1.7 pF) + pad(0.8 pF) = 2.5 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.
Capacitance Loads (pF)

1/0 Delay
Version Slots | Pads Path Outputs 15 50 85 100 Slope Incpt
bl 1 1 a_to_z tpLH 2.67 6.74 | 10.82 | 1256 | 0.1164 0.9209
tpHL 1.86 4.19 6.52 7.52 0.0665 0.8662
b2 1 1 a_to_z tpLH 1.99 4.53 7.08 8.17 0.0728 0.8956

tpHL 1.70 3.56 5.43 6.23 0.0534 0.8954

3-22 5Vand 3.3V /0 Macrocells Unidirect Qutput Buffers
10/93 © 1992, 1993 LS/ Logic Corp. Proprietary Information




B 5304804 0014955 7Tl EMLLC

b4
4 mA Unidirect Qutput Buffer
Name: b4 Description: 4 mA Unidirect Output Buffer
Coding Syntax: z=&b4*(a)
Logic Symbol: Schematics:

Loading Characteristics:
Values stated in standard loads.

Version a
b4 0.5
bdr 0.5
bdrp 0.5

Pin A Input Capacitance: Device(1.7 pF) + pad(0.8 pF) = 2.5 pF

AC Characteristics:
VDD=35 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

0 Delay Capacitance Loads (pF)

Version Slots | Pads Path Outputs 15 50 85 100 Slope Incpt
b4 1 1 a to_z tpLH 1.46 2.75 4.04 4.59 0.0367 0.9139
tpHL 1.46 2.50 3.55 3.99 0.0298 1.0124

bdr 1 1 a_to_z tpLH 1.84 347 5.09 5.79 0.0464 1.1439
tpHL 1.85 3.14 4.43 4,98 0.0367 1.3039

bdrp 1 1 a_to_z tpLH 1.83 323 4.64 5.24 0.0402 1.2246
tpHL 1.96 3.15 4.34 4.85 0.0340 1.4553

5Vand 3.3V /0 Macrocells Unidirect Output Buffers 3-23
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6 mA Unidirect Output Buifer

Name: b6 Description: 6 mA Unidirect Output Buffer
Coding Syntax: z=&b6%*(a)
Logic Symbol: Schematics:

Loading Characteristics:
Values stated in standard loads.

Version a
b6 0.5
bér 0.5
bérp 0.5

Pin A Input Capacitance: Device(1.7 pF) + pad(0.8 pF) =2.5 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

/0 Delay Capacitance Loads (pF)

Version Slots | Pads Path Outputs 15 50 85 100 Slope Incpt
b6 1 1 a_to.z tpLH 138 | 230 | 322 3.62 | 0.0263 0.9816
tpHL 1.43 2.23 3.03 3.38 0.0229 1.0909

bér 1 1 a_to_z tpLH 174 | 298 | 4.21 474 | 0.0353 1.2096
tpHL 1.86 293 | 400 | 445 0.0305 1.4045

bérp 1 1 a_to_z tpLH 1.80 | 2.87 394 | 439 | 0.0305 1.3445
tpHL 2.06 3.01 395 | 436 | 0.0270 1.6538
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b8
8 mA Unidirect Output Buffer
Name: b8 Description: 8 mA Unidirect Output Buffer
Coding Syntax: z=&b8*(a)
Logic Symboal: Schematics:

Loading Characteristics:
Values stated in standard loads.

Version a
b8 0.5
b8r 0.5
b8rp 0.5

Pin A Input Capacitance: Device(1.7 pF) + pad(0.8 pF) =2.5 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.
Capacitance Loads (pF)

1o Delay

Version Slots | Pads Path Outputs 15 50 85 100 Slope Incpt
b8 1 i a_to_z tpLH 1.33 2.13 2.93 3.28 0.0229 0.9909
tpHL 1.42 2.07 2.73 3.01 0.0187 1.1380

b&r 1 1 a_to_z tpLH 1.70 2.72 3.73 4.17 0.0291 1.2602
tpHL 1.81 2.68 3.56 393 0.0249 1.4373

b8rp 1 1 a_to_z tpLH 1.74 2.64 3.54 392 0.0256 1.3595
tpHL 1.98 2.83 3.68 4.04 0.0243 1.6152
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b12
12 mA Unidirect Output Buffer

Name: bl2 Description: 12 mA Unidirect Output Buffer
Coding Syntax: z=&b12*(a)
Logic Symbol: Schematics:

Loading Characteristics:
Values stated in standard loads.

Version a
bl2 0.5
bl2r 0.5
b12rp 0.5

Pin A Input Capacitance: Device(1.7 pF) + pad(0.8 pF) = 2.5 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.
Capacitance Loads (pF)

/0 Delay

Version Slots | Pads Path Qutputs 15 50 85 100 Slope Incpt
bi2 1 1 a_to_z tpLH 1.34 2.02 270 | 299 0.0194 1.0502
tpHL 1.45 2.01 2.56 2.80 0.0159 1.2094

bl2r 1 1 a_to_z tpLH 1.71 2.61 3.51 3.89 0.0256 1.3295
tpHL 1.87 2.67 347 3.82 0.0229 1.5309

b12rp 1 1 a_to_z tpLH 1.82 2.62 342 3.77 0.0229 1.4809
tpHL 2.02 282 3.62 3.97 0.0229 1.6809
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3.8 This section contains data pages for LCA300K bidirect output buffers.
Bidirect Qutput

Buffers

Naming Bidirect output buffer names have the following format:

Conventions

root_name | drive_strength | input_voltage_level (optional) |
slew_rate_control (optional) | resistors (optional) | other options

Table 3.4 shows the naming conventions used for bidirect output buffers.

Table 3.4
Bidirect Output
Buffer Naming
Conventions
Root  Drive Strength Slew Rate Optional
Name in mA Input Voltage Level Options Control Options’  Resistors’  Other Options®
bd 1 t=TTL none = minimum u = pull-up od = Open drain
2 tn = inverted TTL 1p = moderate d = pull-down
4 c=CMOS r = maximum
6 cn = inverted CMOS
8 sc = Schmitt trigger for CMOS
12 scn = Inverting CMOS Schmitt

trigger
st = Schmitt trigger for TTL
stn = inverting TTL Schmitt
trigger
1. Not available for 1 mA and 2 mA drive strengths.
2. Open drain option is not available for cells using these options.
3. Slew rate control and pull-up or pull-down resistors are not available for cells using this option.

For example, bd4tru is a 4 mA bidirect output buffer with TTL input,
maximum slew rate control, and a pull-up resistor.

» Note: In the coding syntax, an asterisk following the cell name (for exam-
ple, bd1*) is a wildcard symbol that replaces options’ abbreviations.
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Converting
Delays from
CMOS to TTL

Buffer delays are given for CMOS levels. To convert the delay from a
CMOS level (switching threshold = 2.5 V) to a TTL level (switching
threshold = 1.4 V), use the following equations:

tpHL = SLOPE x Cload x 1.5 + INCPT
tpLH = SLOPE x Cload x .55 + INCPT

Calculating
Input Delays

3-28

Bidirect output buffers have the features of both input and output buffers.
The numbers listed in the tables show output delay times (a-io or en-io).
To calculate input delays (a-z), refer to the Input Buffer section. For exam-
ple, to calculate input delays for bd4tru, use the numbers listed for the
input buffer t 1chtu (a TTL input buffer with a pull-up resistor).
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Bidirect Output Bidirect Buffer with Slew Rate Control and Optional Pull-up/Pull-down
Buffer Logic pi
Symbols

tn

en

__o
io
a ——
zi ﬁ
po

Bidirect Buffer with Open Drain

pi

tn

en —O

S
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Bidirect Output Bidirect Buffer with Optional Pull-up/Pull-down
Buffer

Schematics tn *@——_:DO_DO_OE
a Jt io
en 4‘—{>o——DO >O_1§
\Y
Pull-Up Option T
i f
, . A : Input
z T ~ ' | Protect
/A eT:
Can Be Inverting al Pull-Down Option
or Non-Inverting
Bidirect Buffer with Slew Rate Control and Optional Pull-up/Pull-down
tn
en
a io
Pull-Up Option I
- -
5 : Input a
: Protect
o —( =y L{ 5
Pull-Down Option v
3-30 5Vand 3.3V /0 Macrocells Bidirect Output Buffers

10/93 © 1992, 1993 LS! Logic Corp. Proprietary information




BN 5304804 0014963 878 EELLC

Bidirect Buffer with Open Drain

|———‘—i0

- —o -
FDO—DO—Hl

tn

i ' | Input
<] i Protect
po - q [

Can be Inverting
or Non-Inverting

0
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bd1

1 mA Bidirect Output Buffer

Name: bdl Description: 1 mA Bidirect Output Buffer
Coding Syntax: u(io,zi,po) = &bd1*(io,a,en,tn,pi)

u(io,zi,po) = &bd1*od(io,en,tn,pi)

Loading Characteristics:
Values stated in standard loads.

Version a en n pi
bd1* 0.5 1.0 0.5 0.5
bd1*od - 1.0 0.5 0.5

Pin 1O Input Capacitance: Device(1.7 pF) + pad(0.8 pF) = 2.5 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)

Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
bd1* 1 1 a_to_io tpLH 320 | 830 | 1339 1557 | 0.1455 1.0211
tpHL 298 | 7.64 | 1229 | 1429 | 0.1331 0.9825
en_to_io tpZH 3.24 834 | 1343 | 15.61 | 0.1455 1.0611
tpZL 3.02 7.68 | 1233 | 14.33 | 0.1331 1.0225
tpLZ 2.59 7.25 11.90 | 1390 | 0.1331 0.5925
tpHZ 281 | 791 [ 13.00 | 15.18 | 0.1455 | 0.6311
tn_to_io | tpLZ 288 | 754 | 12.19 | 1419 | 0.1331 0.8825
tpHZ 3.10 | 820 | 13.29 | 1547 | 0.1455 | 09211
tpZH 342 | 852 | 13.61 | 15.79 | 0.1455 1.2411
tpZL 320 | 7.86 | 12.51 | 1451 | 0.1331 1.2025
bdl*od 1 1 en_to_io| tpLZ 019 | 019 | 0.19 | 0.19 | 0.0000 | 0.19500
tpZL 136 | 369 [ 6.02 | 702 | 0.0665 | 0.3662
tn_to_io tpLZ 0.47 047 0.47 0.47 0.0000 0.4700
tpZL 164 | 397 | 630 | 730 | 0.0665 | 0.6462
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2 mA Bidirect Output Buffer

Name: bd2 Description: 2 mA Bidirect Output Buffer
Coding Syntax: u(io,zi,po) = &bd2*(io,a,en,tn,pi)
u(io,zi,po) = &bd2*od(io,en,tn,pi)

Loading Characteristics:
Values stated in standard loads.

Version a en tn pi
bd2* 0.5 1.0 0.5 0.5
bd2*od - 1.0 0.5 0.5

Pin IO Input Capacitance: Device(1.7 pF) + pad(0.8 pF) = 2.5 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)
Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
bd2* 1 1 a_to_io tpLH 203 | 457 | 7.2 | 821 | 0.0728 | 0.9356

tpHL 1.93 426 | 6.59 7.59 0.0665 0.9362
en_to_io| tpZH 2.10 | 4.64 7.19 8.28 0.0728 1.0056
tpZL 200 | 433 6.66 | 7.66 0.0665 1.0062
tpLZ 1.64 3.97 6.30 | 7.30 0.0665 0.6462
tpHZ 1.78 432 6.87 7.96 0.0728 0.6856
tn_to_io | tpZH 228 4.82 7.37 8.46 0.0728 1.1856
tpZL 2.18 4.51 6.84 | 7.84 0.0665 1.1862
tpLZ 1.93 4.26 6.59 7.59 0.0665 0.9362
tpHZ 2.07 4.61 7.16 8.25 0.0728 0.9756
bd2*od 1 1 en_to_io| tpLZ 022 022 | 022 0.22 0.0000 0.2200
tpZL 1.17 3.03 4.90 5.70 0.0534 0.3654
tn_to_io tpLZ 050 | 050 | 050 | 0.50 0.0000 0.5000
tpZL 145 3.31 5.18 598 0.0534 0.6454
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4 mA Bidirect Output Buffer

Name: bd4 Description: 4 mA Bidirect Output Buffer
Coding Syntax: u(io,zi,po) = &bd4*(io,a,en,tn,pi)
u(io,zi,po) = &bd4*od(io,en,n,pi)

Loading Characteristics:
Values stated in standard loads.

Version a en tn pi
bd4* 0.3 1.0 0.5 0.5
bd4*od - 1.0 0.5 0.5
bd4*r 0.5 1.0 0.5 0.5
bdd*rp 0.5 1.0 0.5 0.5

Pin IO Input Capacitance: Device(1.7 pF) + pad(0.8 pF) = 2.5 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)

Version Slots | Pads Path Qutput 15 50 85 100 Slope Incpt
bd4* 1 1 a_to_io tpLH 1.49 2.78 4.07 4.62 0.0367 0.9439
tpHL 142 2.46 351 3.95 0.0298 0.9724
en_to_io tpZH 1.76 3.05 4.34 4.89 0.0367 1.2139
tpZL 1.69 2.73 3.78 422 0.0298 1.2424
tpLZ 1.24 | 228 3.33 377 | 0.0298 0.7924
tpHZ 1.41 270 | 399 | 454 | 0.0367 0.8639
tn_to_io tpZH 1.94 3.23 4.52 5.07 0.0367 1.3939
tpZL 1.87 | 291 396 | 440 | 0.0298 1.4224
tpLZ 1.53 2.57 3.62 4.06 0.0298 1.0824
tpHZ 170 | 299 | 428 | 4.83 0.0367 1.1539
bd4*od 1 1 en_to_io tpLZ 0.30 0.30 0.30 0.30 0.0000 0.3000
tpZL 0.88 1.95 3.02 | 347 | 0.0305 0.4245
tn_to_io | tpLZ 058 | 058 | 058 | 0.58 | 0.0000 0.5800
tpZL 1.16 | 223 330 | 375 0.0305 0.7045
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4 mA Bidirect Output Buffer

AC Characteristics: (Cont.)

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.
D Delay Capacitance Loads (pF)

Version Slots | Pads Path Qutput 15 50 85 100 Slope Incpt
bd4*r 1 1 a_to_io tpLH 1.70 3.35 5.00 571 0.0471 0.9961
tpHL 1.53 2.77 4.00 4.53 0.0353 0.9996
en_to_io tpZH 1.76 341 5.06 5.77 0.0471 1.0561
tpZL 1.81 3.05 4,28 4.81 0.0353 1.2796
tpLZ 1.25 2.49 3.72 4.25 0.0353 0.7196
tpHZ 1.72 3.37 5.02 5.73 0.0471 1.0161
tn_to_io tpZH 1.90 3.55 5.20 5.91 0.0471 1.1961
tpZL 1.95 3.19 4.42 4.95 0.0353 1.4196
tpLZ 1.33 2.57 3.80 4.33 0.0353 0.7996
tpHZ 1.80 345 5.10 5.81 0.0471 1.0961
bd4*rp 1 1 a_to_io tpLH 1.61 3.04 4.47 5.09 0.0409 0.9967
tpHL 1.48 2.59 371 4.19 0.0319 0.9938
en_to_io tpZH 1.57 3.00 443 5.05 0.0409 0.9567
tpZL 1.58 2.69 3.81 4.29 0.0319 1.0988
tpLZ 1.35 2.46 3.58 4.06 0.0319 0.8688
tpHZ 1.68 3.11 4.54 5.16 0.0409 1.0667
tn_to_io tpZH 1.79 322 4.65 5.27 0.0409 1.1767
tpZL 1.80 291 4.03 4.51 0.0319 1.3188
tpLZ 1.42 2.53 3.65 4.13 0.0319 0.9388
tpHZ 1.75 3.18 4.61 5.23 0.0409 1.1367
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bd6

6 mA Bidirect Output Buffer

Name: bd6 Description: 6 mA Bidirect Output Buffer
Coding Syntax: u(io,zi,po) = &bd6*(io,a,en,tn,pi)

u(io,zi,po) = &bd6*od(io,en,tn,pi)

Loading Characteristics:
Values stated in standard loads.

Version a en n pi
bd6* 0.5 1.0 0.5 0.5
bd6*od - 1.0 0.5 0.5
bd6*r 0.5 1.0 0.5 0.5
bd6*rp 0.5 1.0 0.5 05

Pin IO Input Capacitance: Device(1.7 pF) + pad(0.8 pF) = 2.5 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)
Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
bd6* 1 1 a_to_io tpLH 1.41 2.36 3.30 371 0.0270 1.0038
tpHL 1.35 2.15 2.95 3.30 0.0229 1.0109
en_to_io| tpZH 1.48 243 3.37 3.78 0.0270 1.0738
tpZL 1.42 222 3.02 3.37 0.0229 1.0809
tpLZ 1.32 2.12 2.92 3.27 0.0229 0.9809
tpHZ 142 237 331 3.72 0.0270 1.0138
tn_to_io| tpZH 1.66 2.61 3.55 3.96 0.0270 1.2538
tpZL 1.60 2.40 320 3.55 0.0229 1.2609
tpLZ 1.61 241 321 3.56 0.0229 1.2709
tpHZ 1.71 2.66 360 | 401 0.0270 1.3038
bd6*od 1 1 en_to_io| tpLZ 0.35 0.35 0.35 0.35 0.0000 0.3500
tpZL 0.79 1.59 2.39 274 0.0229 0.4509
tn_to_io tpLZ 0.63 0.63 0.63 0.63 0.0000 0.6300
tpZL 1.07 1.87 2.67 3.02 0.0229 0.7309
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6 mA Bidirect Output Buffer

AC Characteristics: (Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)
Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
bdo*r 1 1 a_to_io tpLH 156 | 2.82 | 408 | 4.63 | 0.0360 1.0217

tpHL 1.44 2.41 3.38 3.80 0.0277 1.0259
en_to_io| tpZH 1.67 293 4.19 4.74 0.0360 1.1317
tpZL 1.77 274 3.71 4.13 0.0277 1.3559
tpLZ 1.25 222 3.19 3.61 0.0277 0.8359
tpHZ 1.65 291 4.17 472 0.0360 1.1117
tn_to_io tpZH 1.81 3.07 433 4.88 0.0360 1.2717
tpZL 1.91 2.88 3.85 4.27 0.0277 1.4959
tpLZ 1.33 230 3.27 3.69 0.0277 0.9159
tpHZ 1.73 2.99 425 4.80 0.0360 1.1917
bd6*rp 1 1 a_to_io tpLH 1.48 2.55 3.62 4.07 0.0305 1.0245
tpHL 1.38 2.20 3.03 3.38 0.0236 1.0230
en_to_io| tpZH 1.53 2.60 3.67 4.12 0.0305 1.0745
tpZL 1.57 2.39 3.22 3.57 0.0236 1.2130
tpLZ 1.31 2.13 2.96 331 0.0236 0.9530
tpHZ 1.59 2.66 3.73 4.18 0.0305 1.1345
tn_to_io tpZH 1.75 2.82 3.89 4.34 0.0305 1.2945
tpZL 1.79 2.61 3.44 3.79 0.0236 1.4330
tpLZ 1.38 2.20 3.03 3.38 0.0236 1.0230
tpHZ 1.66 273 3.80 425 0.0305 1.2045
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bd8

8 mA Bidirect Output Buffer

Name: bd8 Description: 8 mA Bidirect Output Buffer
Coding Syntax: u(io,zi,po) = &bd8*(io,a,en,tn,pi)

u(io,zi,po) = &bd8*od(io,en,tn,pi)

Loading Characteristics:
Values stated in standard loads.

Version a en tn pi
bdg* 0.5 1.0 0.5 0.5
bd8*od - 1.0 0.5 0.5
bd8*r 0.5 1.0 05 0.5
bd8*rp 0.5 1.0 05 0.5

Pin IO Input Capacitance: Device(1.7 pF) + pad(0.8 pF) = 2.5 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.
D Delay Capacitance Loads (pF)
Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
bd8* 1 1 a_to_io tpLH 1.36 2.16 2.96 331 0.0229 1.0209
tpHL 1.33 1.96 2.59 2.86 0.0180 1.0559
en_to_io tpZH 145 2.25 3.05 340 0.0229 1.1109
tpZL 1.42 2.05 2.68 2.95 0.0180 1.1459
tpLZ 1.33 1.96 2.59 2.86 0.0180 1.0559
tpHZ 1.46 2.26 3.06 341 0.0229 1.1209
tn_to_io tpZH 1.63 243 3.23 3.58 0.0229 1.2909
tpZL 1.60 2.23 2.86 3.13 0.0180 1.3259
tpLZ 1.62 225 2.88 3.15 0.0180 1.3459
tpHZ 1.75 2.55 3.35 3.70 0.0229 1.4109
bd8*od 1 1 en_to_io tpLZ 0.37 0.37 0.37 0.37 0.0000 0.3700
tpZL 0.77 142 2.08 2.36 0.0187 0.4880
tn_to_io tpLZ 0.65 0.65 0.65 0.65 0.0000 0.6500
tpZL 1.05 1.70 2.36 2.64 0.0187 0.7680
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8 mA Bidirect Output Buffer

AC Characteristics: (Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)
Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
bd8*r 1 1 a_to_io tpLH 1.49 2.51 3.52 3.96 0.0291 1.0502

tpHL 1.38 2.13 2.88 3.20 0.0215 1.0566
en_to_io| tpZH 1.59 2.61 3.62 | 4.06 0.0291 1.1502
tpZL 1.70 2.45 3.20 3.52 0.0215 1.3766
tpLZ 1.22 1.97 2.72 3.04 0.0215 0.8966
tpHZ 1.61 2.63 364 | 4.08 0.0291 1.1702
tn_to_io | tpZH 173 2.75 376 | 4.20 0.0291 1.2902
tpZL 1.84 | 2.59 3.34 3.66 0.0215 1.5166
tpLZ 130 | 2.05 2.80 3.12 0.0215 0.9766
tpHZ 1.69 2.1 372 | 4.16 0.0291 1.2502
bd8*rp 1 1 a_to_io tpLH 1.42 232 3.22 3.60 0.0256 1.0395
tpHL 1.35 2.06 2.76 3.06 0.0201 1.0523
en_to_io| tpZH 1.48 238 3.28 3.66 0.0256 1.0995
tpZL 1.55 226 2.96 3.26 0.0201 1.2523
tpLZ 1.25 1.96 2.66 2.96 0.0201 0.9523
tpHZ 1.52 2.42 332 3.70 0.0256 1.1395
tn_to_io | tpZH 1.70 2.60 3.50 3.88 0.0256 1.3195
tpZL 1.77 248 3.18 3.48 0.0201 1.4723
tpLZ 1.32 2.03 273 3.03 0.0201 1.0223
tpHZ 1.59 2.49 3.39 3.7 0.0256 1.2095
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12 mA Bidirect Output Buffer

Name: bdil2 Description: 12 mA Bidirect Output Buffer
Coding Syntax: u(io,zi,po) = &bd12*(io,a,en,tn,pi)
u(io,zi,po) = &bd12*od(io,en,tn,pi)

Loading Characteristics:
Values stated in standard loads.

Version a en n pi
bd12* 0.5 1.0 0.5 0.5
bd12*od - 1.0 0.5 0.5
bd12*r 0.5 1.0 0.5 0.5
bd12*mp 05 1.0 0.5 0.5

Pin IO Input Capacitance: Device(1.7 pF) + pad(0.8 pF) = 2.5 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)

Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
bd12* 1 1 a_to_io tpLH 136 | 207 | 277 3.07 0.0201 1.0623
tpHL 1.33 189 | 244 | 2.68 0.0159 1.0894
en_to_io tpZH 143 2.14 2.84 3.14 0.0201 1.1323
tpZL 1.40 1.96 2.51 2.75 0.0159 1.1594
tpLZ 1.39 1.95 2.50 2,74 0.0159 1.1494
tpHZ 1.50 221 291 3.21 0.0201 1.2023
tn_to_io | tpZH 1.61 232 | 3.02 | 332 | 0.0201 1.3123
tpZL 158 | 214 | 269 | 293 0.0159 1.3394
tpLZ 168 | 224 | 279 | 3.03 0.0159 1.4394
tpHZ 1.79 2.50 3.20 3.50 0.0201 1.4923
bd12*od 1 1 en_to_io| tpLZ 0.41 041 0.41 0.41 0.0000 0.4100
tpZL 0.77 1.35 1.94 2.18 0.0166 0.5216
tn_to_io tpLZ 069 | 069 | 0.69 | 0.69 | 0.0000 | 0.6900
tpZL 1.05 163 | 222 | 246 | 00166 | 0.8016
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12 mA Bidirect Output Buffer

AC Characteristics: {Cont.)

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)
Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
bd12%r 1 1 a_to_jo tpLH 142 | 232 | 322 | 3.60 | 0.0256 1.0395

tpHL 1.37 2.02 2.68 2.96 0.0187 1.0880
en_to_io| tpZH 1.55 2.45 3.35 3.73 0.0256 1.1695
tpZL 1.72 2.37 3.03 3.31 0.0187 1.4380
tpLZ 1.27 1.92 2.58 2.86 0.0187 0.9880
tpHZ 1.68 2.58 3.48 3.86 0.0256 1.2995
tn_to_io | tpZH 1.69 2.59 3.49 3.87 0.0256 1.3095
tpZL 1.86 251 3.17 345 0.0187 1.5780
tpLZ 1.35 2.00 2.66 294 0.0187 1.0680
tpHZ 1.76 2.66 3.56 3.94 0.0256 1.3795
bd12*rp 1 1 a_to_io tpLH 1.40 220 3.00 3.35 0.022% 1.0609
tpHL 1.35 1.93 2.52 2776 0.0166 1.1016
en_to_io| tpZH 1.46 2.26 3.06 3.41 0.0229 1.1209
tpZL 1.55 2.13 272 2.96 0.0166 1.3016
tpLZ 1.25 1.83 242 2.66 0.0166 1.0016
tpHZ 1.56 2.36 3.16 351 0.0229 1.2209
tn_to_io| tpZH 1.68 248 3.28 3.63 0.0229 1.3409
tpZL 1.77 235 2.94 3.18 0.0166 1.5216
tpLZ 1.32 1.90 2.49 273 0.0166 1.0716
tpHZ 1.63 243 3.23 3.58 0.0229 1.2909
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39 This section contains data pages for LCA300K 3-state output buffers.
3-State Output

Buffers

Naming 3-state output buffer names have the following format:

Conventions

root_name | drive_strength | slew_rate_control (optional) |
other option

Table 3.5 shows the naming conventions used for 3-state output buffers.

Table 3.5 Root Drive Strengths Slew Rate
3-State Qutput Name in mA Control Options!  Other Option®
Buffer Naming . -
Conventions bt 1 none = minimum od = Open Drain
2 rp = moderate
4 r = maximum
6
8
12

1. Not available for bt1 and bt2.
2. Slew rate control is not available for cells using the open drain option.

For example, bt 4rp is a 4 mA 3-state output buffer with moderate slew
rate control.

» Note: For the coding syntax, an asterisk following the cell name (for exam-
ple, bt 1*) is a wildcard symbol that replaces options’ abbreviations.

Converting Buffer delays are given for CMOS levels. To convert the delay from a
Delays from CMOS level (switching threshold = 2.5 V) to a TTL level (switching
CMOSto TTL threshold = 1.4 V), use the following equations:

tpHL = SLOPE x Cload x 1.5 + INCPT
tpLH = SLOPE x Cload x .55 + INCPT
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3-State Output 3-State Buffer with Slew Rate Control

Buffer Logic
Symbols LU
en —QO
a z
3-State Buffer with Open Drain
th  —
en —q
2
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3-State Output 3-State Buffer
Buffer —

Schematics tn &——:—DO__DO_OIE

3-State Buffer with Slew Rate Control

tn
en

a (5% .

3-State Buffer with Open Drain

o oo

w — 1
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1 mA 3-State Output Buffer

Name: btl Description: 1 mA 3-State Output Buffer
Coding Syntax: z=&btl(a,en,tn)
z=&btlod(en,tn)

Loading Characteristics:
Values stated in standard loads.

Version a en in
btl 0.5 1.0 0.5
btlod . 1.0 0.5

Pin Z Input Capacitance: Device(1.7 pF) + pad(0.8 pF) = 2.5 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)

Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
btl 1 1 a_to_z tpLH 320 | 830 | 13.39 | 1557 | 0.1455 1.0211
tpHL 298 | 764 | 1229 | 1429 | 0.1331 0.9825
en_to_z tpZH 324 | 834 | 1343 | 1561 | 0.1455 1.0611
tpZL 3.02 | 7.68 | 1233 | 1433 | 0.1331 1.0225
tpLZ 259 | 725 | 11.90 | 1390 | 0.1331 0.5925
tpHZ 2.81 791 | 13.00 | 15.18 | 0.1455 0.6311
tn_to_z tpLZ 288 | 7.54 | 12.19 | 14.19 | 0.1331 0.8825
tpHZ 3.10 | 820 | 13.29 | 1547 | 0.1455 0.9211
tpZH 342 | 852 | 13.61 | 1579 | 0.1455 1.2411
tpZL 320 | 786 | 12.51 | 14.51 | 0.1331 1.2025
btlod 1 1 en_to_z tpLZ 019 [ 019 | 019 | 019 | 0.0000 0.1900
tpZL 136 | 369 | 602 | 7.02 | 0.0665 0.3662
tn_to_z tpLZ 059 | 059 | 059 | 059 | 0.0000 | 0.5900
tpZL 164 | 397 | 630 | 7.30 | 0.0665 0.6462
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bht2
2 mA 3-State Output Buffer
Name: bt2 Description: 2 mA 3-State Output Buffer
Coding Syntax: z =&bt2(a,en,tn)
: =&bt2od(en,tn)
Loading Characteristics:
Values stated in standard loads.
Version a en tn
bt2 0.5 1.0 0.5
bt2od - 1.0 0.5
Pin Z Input Capacitance: Device(1.7 pF) + pad(0.8 pF) =2.5 pF
AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.
D Delay Capacitance Loads (pF)
Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
bt2 1 1 a_to_z tpLH 203 | 457 | 712 | 821 0.0728 0.9356

tpHL 193 | 426 | 659 | 7.59 0.0665 0.9362
en_to_z | tpZH 210 | 464 | 7.19 | 828 0.0728 1.0056
tpZL 200 | 433 | 6.66 | 7.66 | 0.0665 1.0062
tpLZ 1.64 | 397 | 630 | 7.30 | 0.0665 0.6462
tpHZ 178 | 432 | 687 | 796 | 0.0728 0.6856
tn_to_z tpLZ 1.93 | 426 | 659 | 7.59 | 0.0665 0.9362
tpHZ 207 | 4.6l 7.16 | 825 0.0728 0.9756
tpZH 228 | 482 | 7.37 846 | 0.0728 1.1856
tpZL 2.18 | 451 6.84 | 7.84 [ 0.0665 1.1862
bt2od 1 1 en_to_z tpLZ 0.22 0.22 0.22 0.22 0.0000 0.2200
tpZL 1.17 303 | 490 | 570 | 0.0534 | 0.3654
tn_to_z tpLZ 062 | 062 | 062 | 062 | 0.0000 | 0.6200
tpZL 1.45 3.31 518 | 598 | 0.0534 | 0.6454
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4 mA 3-State Output Buffer

Name: bt4 Description: 4 mA 3-State Output Buffer
Coding Syntax: z=&btd*(a,en,tn)
z=&btdod(en,tn)

Loading Characteristics:
Values stated in standard loads.

Version a en tn
bt4 0.5 1.0 0.5
btdod - 1.0 0.5
btdr 0.5 1.0 0.5
btdrp 0.5 1.0 0.5

Pin Z Input Capacitance: Device(1.7 pF) + pad(0.8 pF) =2.5 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)

Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
bt4 1 1 a_to_z tpLH 1.49 2.78 4.07 4.62 0.0367 0.9439
tpHL 142 2.46 3.51 3.95 0.0298 0.9724
en_to_z tpZH 1.76 3.05 434 | 4.89 0.0367 1.2139
tpZL 1.69 273 3.78 422 0.0298 1.2424
tpLZ 1.24 2.28 3.33 3.77 0.0298 0.7924
tpHZ 141 2.70 399 | 454 0.0367 0.8639
tn_to_z tpLZ 1.53 2.57 3.62 | 4.06 0.0298 1.0824
tpHZ 1.70 299 428 4.83 0.0367 1.1539
tpZH 1.94 323 452 5.07 0.0367 1.3939
tpZL 1.87 291 3.96 440 0.0298 1.4224
bt4od 1 1 en_to_z tpLZ 030 { 030 030 | 0.30 0.0000 0.3000
tpZL 0.88 1.95 3.02 347 0.0305 0.4245
tn_to_z tpLZ 070 | 070 | 0.70 0.70 0.0000 0.7000
tpZL 1.16 223 3.30 3.75 0.0305 0.7045
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4 mA 3-State Output Buffer

AC Characteristics: {Cont.)
VYDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)
Version Slots | Pads Path Qutput 15 50 85 100 Slope Incpt
btdr 1 1 a_to_z tpLH 170 | 335 | 5.00 | 571 0.0471 0.9961

tpHL 1.53 277 400 | 453 0.0353 0.9996
en_to_z tpZH 1.76 3.41 5.06 577 0.0471 1.0561
tpZL 1.81 3.05 4.28 4.81 0.0353 1.2796
tpLZ 1.25 249 372 | 425 0.0353 0.7196
tpHZ 1.72 3.37 5.02 5.73 0.0471 1.0161
tn_to_z tpLZ 1.33 2.57 3.80 | 433 0.0353 0.7996
tpHZ 1.80 3.45 5.10 5.81 0.0471 1.0961
tpZH 1.90 3.55 5.20 591 0.0471 1.1961
tpZL 1.95 3.19 442 | 495 0.0353 1.4196
bt4rp 1 1 a_to_z tpLH 1.61 3.04 | 447 5.09 0.0409 0.9967
tpHL 1.48 2.39 3.7 4.19 0.0319 0.9988
en_to_z tpZH 1.57 3.00 | 443 5.05 0.0409 0.9567
tpZL 1.58 2.69 3.81 4.29 0.0319 1.0988
tpLZ 1.35 246 3.58 4.06 0.0319 0.8688
tpHZ 1.68 3n 4.54 5.16 0.0409 1.0667
tn_to_z tpLZ 1.42 2.53 3.65 4.13 0.0319 0.9388
tpHZ 1.75 3.18 4.61 5.23 0.0409 1.1367
tpZH 1.79 322 4.65 5.27 0.0409 1.1767
tpZL 1.80 | 291 4.03 4.51 0.0319 1.3188
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6 mA 3-State Output Buffer

Name: bt6 Description: 6 mA 3-State Output Buffer '
Coding Syntax: z=&bt6*(a,en,tn)
z=&btbod(en,tn)

Loading Characteristics:
Values stated in standard loads.

Version a en tn
bt6 0.5 1.0 0.5
bt6od - 1.0 0.5
btér 0.5 1.0 0.5
btérp 0.5 1.0 0.5

Pin Z Input Capacitance: Device(1.7 pF) + pad(0.8 pF) = 2.5 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)

Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
bt6 1 1 a_to_z tpLH 1.41 236 | 330 | 371 0.0270 1.0038
tpHL 135 | 215 | 295 | 330 | 00229 1.0109
en_to_z tpZH 1.48 243 3.37 3.78 0.0270 1.0738
tpZL 1.42 2.22 3.02 3.37 0.0229 1.0809
tpLZ 132 | 212 | 292 | 327 | 0.0229 | 0.9809
tpHZ 142 | 237 | 331 | 372 | 0.0270 1.0138
tn_to_z tpLZ 1.61 241 321 | 356 | 0.0229 1.2709
tpHZ 1.71 266 | 3.60 | 4.01 0.0270 1.3038
tpZH 1.66 2.61 3.55 3.96 0.0270 1.2538
tpZL 1.60 2.40 3.20 3.55 0.0229 1.2609
bt6od 1 1 en_to_z tpLZ 035 | 035 | 035 | 035 | 0.0000 | 0.3500
tpZL 0.79 159 | 239 | 274 | 0.0229 | 04509
tn_to_z tpLZ 075 | 075 | 075 | 0.75 | 0.0000 | 0.7500
tpZL 1.07 1.87 | 267 | 3.02 | 0.0229 | 0.7309
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6 mA 3-State Output Buffer

AC Characteristics: (Cont.)

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

uD Delay Capacitance Loads (pF)
Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
btér 1 1 a_to_z tpLH 156 | 282 | 4.08 | 4.63 0.0360 1.0217

tpHL 1.44 2.41 3.38 3.80 0.0277 1.0259
en_to_z tpZH 1.67 2.93 4.19 4.74 0.0360 1.1317
tpZL 1.77 274 371 4.13 0.0277 1.3559
tpLZ 1.25 222 3.19 3.61 0.0277 0.8359
tpHZ 1.65 291 417 | 472 0.0360 1.1117
tn_to_z tpLZ 1.33 2.30 3.27 3.69 0.0277 0.9155
tpHZ 1.73 2.99 425 4.80 0.0360 1.1917
tpZH 1.81 3.07 433 4.88 0.0360 1.2717
tpZL 1.91 2.88 3.85 4.27 0.0277 1.4959
btérp 1 1 a_to_z tpLH 1.48 2.55 362 | 4.07 0.0305 1.0245
tpHL 1.38 2.20 3.03 3.38 0.0236 1.0230
en_to_z tpZH 1.53 2.60 3.67 4,12 0.0305 1.0745
tpZL 1.57 2.39 3.22 3.57 0.0236 1.2130
tpLZ 1.31 2.13 2.96 331 0.0236 0.9530
tpHZ 1.59 2.66 3.73 4.18 0.0305 1.1345
tn_to_z tpLZ 1.38 2.20 3.03 338 0.0236 1.0230
tpHZ 1.66 | 2.73 3.80 | 425 0.0305 1.2045
tpZH 1.75 282 389 | 434 0.0305 1.2945
tpZL 1.79 2.61 3.44 3.79 0.0236 1.4330

5Vand 3.3V /0 Macrocells 3-State Qutput Buffers 3-51
10/93 © 1892, 1993 LSI Logic Corp. Proprietary Information




M 5304804 0014983 bbb EELLC
bt8

8 mA 3-State Output Buffer

Name: bt8 Description: 8 mA 3-State Output Buffer
Coding Syntax; z=&bt8*(a,en,tn)
z=&bt8od(en,tn)

Loading Characteristics:
Values stated in standard loads.

Version a en tn
bt8 0.5 1.0 0.5
bt8od - 1.0 0.5
bt8r 0.5 1.0 0.5
bt8rp 0.5 1.0 0.5

Pin Z Input Capacitance: Device(1.7 pF) + pad(0.8 pF) = 2.5 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)

Version Slots | Pads Path Qutput 15 50 85 100 Slope Incpt
bt 1 1 a_to_z tpLH 1.36 | 2.16 | 296 | 331 0.0229 1.0209
tpHL 1.33 196 | 259 | 2.86 | 0.0180 1.0559
en_to_z tpZH 1.45 225 3.05 3.40 | 0.0229 1.1109
tpZL 1.42 | 2.05 2.68 295 0.0180 1.1459
tpLZ 1.33 196 | 259 [ 2.86 | 0.0180 1.0559
tpHZ 146 | 226 | 3.06 | 341 0.0229 1.1209
tn_to_z tpLZ 162 | 225 | 2.88 3.15 0.0180 1.3459
tpHZ 1.75 2.55 3.35 370 | 0.0229 1.4109
tpZH 1.63 2.43 3.23 3.58 0.0229 1.2909
tpZL 1.60 | 223 | 286 | 3.13 0.0180 1.3259
bt8od 1 1 en_to_z tpLZ 0.37 0.37 0.37 0.37 0.0000 0.3700
tpZL 0.77 142 | 208 | 236 | 0.0187 0.4880
tn_to_z tpLZ 077 | 077 | 077 | 0.77 0.0000 | 0.7700
tpZL 1.05 170 | 236 | 264 | 0.0187 0.7680
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8 mA 3-State Output Buffer

AC Characteristics: (Cont.)

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)
Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
bt8r 1 1 a_to_z tpLH 149 | 251 352 | 396 | 0.0291 1.0502

tpHL 1.38 2.13 2.88 3.20 0.0215 1.0566
en_to_z tpZH 1.59 2.61 3.62 | 4.06 0.0291 1.1502
tpZL 1.70 245 3.20 3.52 0.0215 1.3766
tpLZ 1.22 1.97 272 3.04 0.0215 0.8966
tpHZ 1.61 2.63 3.64 4.08 0.0291 1.1702
tn_to_z tpLZ 1.30 2.05 2.30 3.12 0.0215 0.9766
tpHZ 1.69 271 372 | 4.16 0.0291 1.2502
tpZH 1.73 275 376 | 4.20 0.0291 1.2902
tpZL 1.84 2.59 3.34 3.66 0.0215 1.5166
bt8rp 1 1 a_to_z tpLH 1.42 232 3.22 3.60 0.0256 1.0395
tpHL 1.35 2.06 2.76 3.06 0.0201 1.0523
en_to_z tpZH 1.48 2.38 3.28 3.66 0.0256 1.0995
tpZL 1.55 2.26 2.96 3.26 0.0201 1.2523
tpLZ 1.25 1.96 2.66 2.96 0.0201 0.9523
tpHZ 1.52 242 3.32 3.70 0.0256 1.1395
tn_to_z tpLZ 1.32 2.03 273 3.03 0.0201 1.0223
tpHZ 1.59 2.49 3.39 3.7 0.0256 1.2095
tpZH 1.70 2.60 3.50 3.88 0.0256 1.3195
tpZL 1.77 248 318 3.48 0.0201 1.4723
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bt1z

12 mA 3-State Output Buffer

Name: btl2 Description: 12 mA 3-State Output Buffer
Coding Syntax: =&bt12*(a,en,tn)

z=&bt12o0d(en,tn)

Loading Characteristics:
Values stated in standard loads.

Version a en tn
bt12 0.5 1.0 0.5
bt12o0d - 1.0 0.5
btl12r 0.5 1.0 0.5
btl2rp 0.5 1.0 0.5

Pin Z Input Capacitance: Device(1.7 pF) + pad(0.8 pF) = 2.5 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)

Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
btl12 1 1 a_to_z tpLH 136 | 207 | 277 | 3.07 0.0201 1.0623
tpHL 1.33 1.89 | 244 | 268 0.0159 1.0894
en_to_z tpZH 1.43 2.14 | 284 | 3.14 | 0.0201 1.1323
tpZL 1.40 196 | 251 2.5 0.0159 1.1594
tpLZ 1.39 195 | 250 | 2.74 | 0.0159 1.1494
tpHZ 1.50 | 221 291 3.21 0.0201 1.2023
tn_to_z tpLZ 168 | 224 | 279 | 3.03 0.0159 1.4394
tpHZ 179 | 250 | 3.20 | 3.50 | 0.0201 1.4923
tpZH 1.61 232 | 3.02 | 332 | 0.0201 1.3123
tpZL 1.58 | 2.14 | 2.69 | 293 0.0159 1.3394
btl12od 1 1 en_to_z tpLZ 041 0.41 0.41 0.41 0.0000 | 0.4100
tpZL 0.77 1.35 194 | 2.18 | 0.0166 0.5216
tn_to_z tpLZ 0.81 0.81 0.81 0.81 0.0000 0.8100
tpZL 1.05 1.63 222 | 246 | 0.0166 0.8016
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12 mA 3-State Output Buffer

AC Characteristics: (Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)
Version Slots | Pads Path Qutput 15 50 85 100 Slope Incpt
bt12r 1 1 a_to_z tpLH 1.42 232 3.22 3.60 0.0256 1.0395

tpHL 1.37 2.02 2.68 2.96 0.0187 1.0880
en_to_z tpZH 1.55 2.45 3.35 3.73 0.0256 1.1695
tpZL 1.72 237 3.03 331 0.0187 1.4380
tpLZ 1.27 1.92 2.58 2.86 0.0187 0.9880
tpHZ 1.68 2.58 3.48 3.86 0.0256 1.2995
tn_to_z tpLZ 1.35 2.00 2.66 294 0.0187 1.0680
tpHZ 1.76 2.66 3.56 3.94 0.0256 1.3795
tpZH 1.69 2.59 3.49 3.87 0.0256 1.3095
tpZL 1.86 2.51 3.17 3.45 0.0187 1.5780
bt12rp 1 1 a_to_z tpLH 1.40 2.20 3.00 3.35 0.0229 1.0609
tpHL 1.35 1.93 2.52 2.76 0.0166 1.1016
en_to_z tpZH 1.46 2.26 3.06 3.41 0.0229 1.1209
tpZL 1.55 2.13 272 2.96 0.0166 1.3016
tpLZ 1.25 1.83 242 2.66 0.0166 1.0016
tpHZ 1.56 2.36 3.16 351 0.0229 1.2209
tn_to_z tpLZ 1.32 1.90 2.49 273 0.0166 1.0716
tpHZ 1.63 243 3.23 3.58 0.0229 1.2909
tpZH 1.68 248 328 3.63 0.0229 1.3409
tpZL 1.77 2.35 2.94 3.18 0.0166 1.5216
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Oscillator with Enable

Name: oscim Description:  Oscillator with Enable

Recommended frequency range: 0.1 MHz to 55 MHz
Coding Syntax: u(zx,zi)=o0scim(a,e)
Logic Symbol:

]

Truth Table:
e a x Il
1{o]11]o0
111011
0 X 0 1

Loading Characteristics:
Values stated in standard loads

Version e

oscim 0.5
Pin A Input Capacitance: Device(1.7 pF) + pad(0.8 pF) =2.5 pF
Pin ZX Output Capacitance: Device(1.7 pF) + pad(0.8 pF) = 2.5 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

/0 Delay Standard Loads
Version | Slots | Pads | Path |Output| 50 100 | 200 | 300 | 400 | 500 Slope Incpt
oscim 1 2 J|e_to_zi| tpLH | 1.37 | 245 | 4.61 | 6.76 | 892 | 11.08 | 0.0216 | 0.2962

tpHL | 143 | 2.18 | 3.67 | 517 | 6.67 | 8.17 ; 0.0150 0.6782
a_to_zi| tpLH | 1.37 | 245 | 461 | 6.76 | 892 | 11.08 | 0.0216 0.2962
tpHL | 143 | 2.18 | 3.67 | 5.17 | 6.67 | 817 | 0.0150 0.6782
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Oscillator with Enable

AC Characteristics: (Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

0 Delay Standard Loads
Version | Slots | Pads Path | Output | 15 50 85 100 Slope Incpt
oscim 1 1 e to_zx | tpLH 071 | 1.00 [ 129 | 141 0.0083 0.5856

tpHL | 0.30 | 0.56 | 0.81 | 092 | 0.0073 0.1926
a_to_zx | tpLH | 0.71 | 1.00 | 1.29 | 1.41 0.0083 0.5856
tpHL | 030 | 056 [ 0.81 | 0.92 | 0.0073 0.1926
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N This section contains data pages for LCA300K commercial output buffers.
Commercial These output buffers can be used under commercial conditions only:
Output Buffers ) .
WC commercial = 70 °C,4.75V
BC commercial = 0°C,5.25V
Commercial output buffers have a voltage output LOW (VOL) of 0.5 V.
These buffers are not suitable for military applications.
Naming Commercial output buffer names have the following format:
Conventions . . .
root_name | drive_strength | input_voltage_level option |
slew_rate_control (optional) | resistors (optional) | other option | a
The type of commercial output buffer being used designates the root name.
(See Table 3.6.) The suffix “a” is appended to all commerical output buffer
names.
Table 3.6 shows the naming conventions used for commercial output buffers.
Table 3.6
Commercial Qutput
Buffer Naming
Conventions
Drive
Strength Slew Rate Optional
Root Name  in mA  Input Voltage Level OptionI Control Options Resistors®  Other 0pti0n3
b = Unidirect 24 t=TTL none = minimum u = pull-up od = Open Drain
bd = Bidirect tn = inverted TTL rp = moderate d = pull-
bt = 3-State ¢ =CMOS r = maximum down

cn = inverted CMOS

sc = Schmitt trigger for CMOS

scn = Inverting CMOS Schmitt trigger
st = Schmitt trigger for TTL

stn = inverting TTL Schmitt trigger

1. Only bidirect buffers have these options.
2. These resistors are only available for bidirect buffers.
3. Slew rate control and pull-up and pull-down resistors are not available for cells using the open drain option.
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For example, bd24trua is a commercial bidirect output buffer with TTL
input, maximum slew rate control, and a pull-up resistor.

» Note: In the coding syntax, an asterisk following the cell name (for exam-
ple, bd24*a) is a wildcard symbol that replaces options’ abbreviations.
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b24a
24 mA Unidirect Qutput Buffer
Name: b24a Description: 24 mA Unidirect Output Buffer
Coding Syntax: z=&b24*a(a)
Logic Symbot: Schematics:

Loading Characteristics:
Values stated in standard loads.

Version a
b24a 0.5
b24ra 0.5
b24rpa 0.5

Pin Z Input Capacitance: Device(1.2 pF) + pad(0.8 pF) = 2.0 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

/0 Delay Capacitance Loads (pF)

Version Slots | Pads Path Outputs 15 50 85 100 Slope Incpt
b24a 1 1 a_to_z tpLH 1.35 2.03 271 3.00 0.0194 1.0602
tpHL 1.45 2.01 2.56 2.80 0.0159 1.2094

b24ra 1 1 a_to_z tpLH 1.71 2.61 3.51 3.89 0.0256 1.3295
tpHL 1.87 2.67 347 3.82 0.0229 1.5309

b24rpa 1 1 a_to_z tpLH 1.82 2.62 342 3.77 0.0229 1.4809
tpHL 2.02 2.82 3.62 3.97 0.0229 1.6809
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hd24a
24 mA Bidirect Output Buffer

Name: bd24a  Description: 24 mA Bidirect Output Buffer
Coding Syntax: u(io,zi,po) = &bd24*a(io,a,en,tn,pi)
u(io,zi,po) = &bd24*oda(io.en,tn,pi)

Logic Symbol: Bidirect Buffer with Slew Rate Control and Optional Pull-up/Pull-down

pi

th —
en —9

a— io
zZi
po

Bidirect Buffer with Open Drain

pi
tn —
en —o|
g io
zi
po
Loading Characteristics:
Values stated in standard loads.

Version a en tn pi
bd24*a 0.5 1.0 0.5 0.5
bd24*oda - 1.0 0.5 0.5
bd24*ra 0.5 1.0 0.5 0.5
bd24*rpa 0.5 1.0 0.5 0.5

Pin IO Input Capacitance: Device(1.7 pF) + pad(0.8 pF) = 2.5 pF
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bd24a

24 mA Bidirect Output Buffer

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.
UD Delay Capacitance Loads (pF)

Version Slots | Pads Path Output 15 50 85 100 Slope Incpt

bd24*a 1 1 a_to_io tpLH 1.36 2.07 277 3.07 0.0201 1.0623
tpHL 1.33 1.89 2.44 2.68 | 0.0159 1.0894
en_to_io| tpZH 142 2.13 2.83 3.13 0.0201 1.1223
tpZL 1.40 1.96 2.51 275 0.0159 1.1594
tpLZ 1.38 1.94 2.49 273 0.0159 1.1394
tpHZ 1.50 | 2.21 291 321 0.0201 1.2023
tn_to_io | tpZH 1.60 2.31 3.01 3.31 0.0201 1.3023
tpZL 1.58 2.14 2.69 2.93 0.0159 1.3394
tpLZ 1.63 2.19 274 | 298 0.0159 1.3894
tpHZ 1.75 2.46 3.16 346 0.0201 1.4523
bd24*oda 1 1 en_to_io| tpLZ 045 045 0.45 0.45 0.0000 0.4500
tpZL 0.75 1.33 1.92 2.16 0.0166 0.5016
tn_to_io tpLZ 074 | 0.74 074 | 074 0.0000 0.7400
tpZL 1.04 1.62 2.21 2.45 0.0166 0.7916
bd24*ra 1 1 a_to_io tpLH 1.42 232 3.22 3.60 0.0256 1.0395
tpHL 1.37 2.02 2.68 2.96 0.0187 1.0880
en_to_io| tpZH 1.50 | 240 3.30 3.68 0.0256 1.1195
tpZL 1.52 2.17 283 3.11 0.0187 1.2380
tpLZ 1.27 1.92 2.58 2.86 0.0187 0.9880
tpHZ 1.53 243 3.33 3N 0.0256 1.1495
tn_to_io| tpZH 1.69 2.59 3.49 3.87 0.0256 1.3095
tpZL 1.71 2.36 3.02 3.30 0.0187 1.4280
tpLZ 1.35 200 | 266 294 0.0187 1.0680
tpHZ 1.61 2.51 3.41 3.79 0.0256 1.2295
bd24*rpa 1 1 a_to_io tpLH 140 | 220 3.00 3.35 0.0229 1.0609
tpHL 1.35 1.93 2.52 2.76 0.0166 1.1016
en_to_io| tpZH 1.47 227 3.07 342 0.0229 1.1309
tpZL 1.49 2.07 2.66 290 0.0166 1.2416
tpLZ 1.39 1.97 2.56 2.80 0.0166 1.1416
tpHZ 1.63 243 3.23 3.58 0.0229 1.2909
tn_to_io| tpZH 1.65 245 3.25 3.60 0.0229 1.3109
tpZL 1.67 225 2.84 3.08 0.0166 1.4216
tpLZ 1.42 2.00 2.59 2.83 0.0166 1.1716
tpHZ 1.66 246 3.26 3.61 0.0229 1.3209
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24 mA 3-State Output Buffer

Name: bt24a  Description: 24 mA 3-State Output Buffer

Coding Syntax: z=&bt24*a(a,en,tn)
z=&bt24oda(en,tn)

Logic Symbol: 3-State Buffer with Slew Rate Control

tn —
en —Q

3-State Buffer with Slew Rate Control and Optional Pull-up/Pull-down

th —
en —(Q

3-State Buffer with Open Drain

tn —
en —Q

g z

Loading Characteristics;
Values stated in standard loads.

Version a en in
bt24a 0.5 1.0 0.5
bt24oda - 1.0 0.5
bt24ra 0.5 1.0 0.5
bt24rpa 0.5 1.0 05

Pin Z Input Capacitance: Device(1.2 pF) + pad(0.8 pF) = 20 pF
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B 5304404 00L4995 388 EELLC
bt24a

24 mA 3-State Output Buffer

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)
Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
bt24a 1 1 a_to_z tpLH 136 | 207 | 277 3.07 0.0201 1.0623

tpHL 1.33 1.89 244 | 2.68 0.0159 1.0894
en_to_z tpZH 1.42 2.13 2.83 3.13 0.0201 1.1223
tpZL 1.40 1.96 251 2.75 0.015% 1.1594
tpLZ 1.38 1.94 2.49 2.73 0.0159 1.1394
tpHZ 1.50 221 291 3.21 0.0201 1.2023
tn_to_z tpLZ 1.63 2.19 2.74 298 0.0159 1.3894
tpHZ 1.75 2.46 3.16 3.46 0.0201 1.4523
tpZH 1.60 2.31 3.01 3.31 0.0201 1.3023
tpZL 1.58 214 | 269 2.93 0.0159 1.3394
bt240da 1 1 en_to_z tpLZ 0.41 041 041 0.41 0.0000 0.4100
tpZL 0.75 1.33 1.92 2.16 0.0166 0.5016
tn_to_z tpLZ 0.79 0.79 0.7 0.79 0.0000 0.7900
tpZL 1.04 1.62 2.21 2.45 0.0166 0.7916
bt24ra 1 1 a_to_z tpLH 142 232 3.22 3.60 0.0256 1.0395
tpHL 1.37 2.02 2.68 2.96 0.0187 1.0880
en_to_z tpZH 1.50 | 240 3.30 3.68 0.0256 1.1195
tpZL 1.52 2.17 2.83 3.11 0.0187 1.2380
tpLZ 1.27 1.92 2.58 2.86 0.0187 0.9880
tpHZ 1.53 243 3.33 3.71 0.0256 1.1495
tn_to_z tpLZ 1.35 2.00 | 2.66 294 0.0187 1.0680
tpHZ 1.61 2.51 341 3.79 0.0256 1.2295
tpZH 1.69 2.59 3.49 3.87 0.0256 1.3095
tpZL 1.71 2.36 3.02 3.30 0.0187 1.4280
bt24rpa 1 1 a_to_z tpLH 140 | 220 3.00 3.35 0.0229 1.0609
tpHL 1.35 1.93 252 2.76 0.0166 1.1016
en_to_z tpZH 1.47 227 3.07 3.42 0.0229 1.1309
tpZL 1.49 2.07 2.66 290 0.0166 1.2416
tpLZ 1.39 1.97 2.56 2.80 0.0166 1.1416
tpHZ 1.63 2.43 3.23 3.58 0.0229 1.2909
tn_to_z tpLZ 1.42 2.00 2.59 2.83 0.0166 1.1716
tpHZ 1.66 2.46 3.26 3.61 0.0229 1.3209
tpZH 1.65 2.45 325 3.60 0.0229 1.3109
tpZL 1.67 225 2.84 3.08 0.0166 1.4216
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B 5304804 00L4996 214 EELLC

b1i/b2l

1 mA/2 mA 3.3 V Unidirect Qutput Buffer

Name: bll/b2l Description: 1 mA/2 mA 3.3 V Unidirect Output Buffer
Coding Syntax: z=&b1/b21(a)

Logic Symbol: Schematics:

Loading Characteristics:
Values stated in standard loads.

Version a
bll 0.5
b2l 0.5

Pin Z QOutput Capacitance: Device(1.2 pF) + pad(0.8 pF) = 2.0 pF

AC Characteristics:
VDD=35 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

10 Delay Capacitance Loads (pF)
Version Slots | Pads Path Outputs 15 50 85 100 Slope Incpt
bll 1 1 a_to_z tpLH 2.81 7.17 | 11.54 | 1341 | 0.1247 0.9367
tpHL 1.30 2.66 4.02 4.60 0.0388 0.7203
b21 1 1 a_to_z tpLH 2.32 5.60 887 | 1028 | 0.0936 0.9200
tpHL 1.21 2.31 340 3.87 0.0312 0.7467
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M 5304804 00L4997 150 EELLC bal

4 mA 3.3 V Unidirect Qutput Buffer

Name: b4l Description: 4 mA 3.3 V Unidirect Output Buffer
Coding Syntax: 7z=&b4*1(a)
Logic Symbol: Schematics:

Loading Characteristics:
Values stated in standard loads.

Version a
b4l 0.5
bdrl 0.5
bdrpl 0.5

Pin Z Output Capacitance: Device(1.2 pF) + pad(0.8 pF) = 2.0 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

Capacitance Loads (pF)

I/0 Delay

Version Slots | Pads Path Qutputs 15 50 85 100 Slope Incpt
b4l 1 1 a_to_z tpLH 1.71 348 5.25 6.01 0.0506 0.9468
tpHL 1.14 1.77 240 | 2.67 0.0180 0.8659

b4rl 1 1 a_to_z tpLH 2.24 4.57 6.90 7.90 0.0665 1.2462
tpHL 1.49 | 227 3.04 | 338 0.0222 1.1587

bdrpl 1 1 a_to_z tpLH 224 | 435 | 646 | 737 0.0603 1.3369
tpHL 1.59 | 231 3.04 | 3.35 0.0208 1.2744
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b6l B 5304804 DOl4998 097 MELLC
6 mA 3.3 V Unidirect Output Buffer

Name: b6l Description: 6 mA 3.3 V Unidirect Output Buffer
Coding Syntax: z=&b6%1(a)
Logic Symbol: Schematics:

Loading Characteristics:
Values stated in standard loads.

Version a
b6l 1.0
bérl 1.0
bbrpl 1.0

Pin Z Output Capacitance: Device(2.2 pF) + pad(0.8 pF) = 3.0 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

10 Delay Capacitance Loads (pF)

Version Slots | Pads Path Outputs 15 50 85 100 Slope Incpt
b6l 2 1 a_to_z tpLH 1.38 2.55 371 4.21 0.0333 0.8831
tpHL 1.00 1.42 1.83 2.00 0.0118 0.8265

b6rl 2 1 a_to_z tpLH 1.79 335 4.90 5.56 0.0444 1.1275
tpHL 1.30 1.86 241 2,65 0.0159 1.0594

bérpl 2 1 a_to_z tpLH 1.81 3.17 4.53 5.11 0.0388 1.2303
tpHL 1.37 1.88 2.39 2.61 0.0146 1.1551
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B 5304804 0014999 Tc3d EELLC

h8l
8 mA 3.3 V Unidirect Qutput Buffer
Name: b8l Description: 8 mA 3.3 V Unidirect Output Buffer
Coding Syntax: z=&b8*1(a)
Logic Symbol: Schematics:

Loading Characteristics:
Values stated in standard loads.

Version a
b8l 1.0
b8rl 1.0
b8rpl 1.0

Pin Z Qutput Capacitance: Device(2.2 pF) + pad(0.8 pF) = 3.0 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.
Capacitance Loads (pF)

o Delay
Version Slots | Pads Path Outputs 15 50 85 100 Slope Incpt
b8l 2 1 a_to_z tpLH 1.29 2.19 3.09 3.47 0.0256 0.9095
tpHL 1.02 1.34 1.65 1.79 0.0090 0.8879
b8l 2 1 a_to_z tpLH 1.70 291 412 | 464 0.0346 1.1774
tpHL 1.29 172 | 2.16 2.35 0.0125 1.0987
b8rpl 2 1 a_to_z tpLH 1.75 2.86 3.98 4.46 0.0319 1.2688
tpHL 1.37 1.79 2.20 2.37 0.0118 1.1965

5 Vand 3.3V I/0 Macrocells 33VI/0s 3-73
10/93 © 1992, 1993 LS! Logfc Corp. Proprigtary Information




b121 B 5304804 0015000 343 MALLC
12 mA 3.3 V Unidirect Output Buffer

Name: bl2l Description: 12 mA 3.3 V Unidirect Output Buffer
Coding Syntax: z=&b12*1(a)
Logic Symbol: Schematics:

Loading Characteristics:
Values stated in standard loads.

Version a
b121 1.5
bl2rl 1.5
b12rpl 1.5

Pin Z Output Capacitance: Device(3.2 pF) + pad(0.8 pF) = 4.0 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.
Capacitance Loads (pF)

1o Delay

Version Slots | Pads Path Outputs 15 50 85 100 Slope Incpt
b121 3 1 a_to_z tpLH 1.16 1.77 2.38 2.64 0.0173 0.9037
tpHL 098 1.20 1.42 1.51 0.0062 0.8893

b12rl 3 1 a_to_z tpLH 1.50 235 3.20 3.56 0.0243 1.1352
tpHL 1.19 1.51 1.82 1.96 0.0090 1.0579

b12rpl 3 1 a_to_z tpLH 156 | 236 | 3.16 | 3.51 0.0229 1.2209
tpHL 1.26 1.58 1.89 2.03 0.0090 1.1279
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I 5304804 0015001 24T EELLC

Bidirect Output
Buffer Logic

Symbol n

en

&1

2i

po

Bidirect Output Bidirect Buffer with Optional Pull-up/Pull-down resistors
Buffer T

Schematics m —— ||f

a 4{>O ¢ io

en 4_&_{>O__D3 >0—<
¢

<

Pult-Up Option
I

| Input
Protect

zi |
R :
po — p/ _l___| E

Puli-Down Option
v

Can Be Inverting
or Non-Inverting

Bidirect Buffer with Slew Rate Control and Optional Pull-up/Pull-down

Pull-Up Option [T

i Clinput [
Protect
po—( =y Lf

Pull-Down Option v
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bd1l B 5304804 0015002 11L EELLC
1 mA 3.3 V Bidirect Output Buffer

Name: bdll Description: 1 mA 3.3 V Bidirect Output Buffer
Coding Syntax: u(i0,zi,po) = &bd1*¥1(io,a,en,tn,pi)

Loading Characteristics:
Values stated in standard loads.

Version a en tn pi
bd1#1 0.5 1.0 0.5 0.5
Pin IO Input Capacitance: Device(1.7 pF) + pad(0.8 pF) = 2.5 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)

Version Slots | Pads Path Qutput 15 50 85 100 Slope Incpt
bd1*1 1 1 a_to_io tpLH 289 | 725 | 11.62 | 1349 | 0.1247 1.0167
tppHL | 1.31 | 2.67 | 403 | 461 | 0.0388 | 07303
en_to_io tpZH 3.07 7.43 11.80 | 13.67 | 0.1247 1.1967
tpZL 1.51 2.87 423 4.81 0.0388 0.9303
tpLZ 1.22 2.58 394 | 452 | 0.0388 0.6403
tpHZ 2.78 7.14 11.51 | 13.38 | 0.1247 0.9067
tn_to_io tpZH 3.15 7.51 11.88 | 13.75 0.1247 1.2767
tpZL 1.59 295 4.31 4.89 0.0388 1.0103
tpLZ 1.27 2.63 399 | 457 0.0388 0.6903
tpHZ 2.83 7.19 11.56 | 13.43 0.1247 0.9567
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B 5304404 0015003 052 EMLLC bd2l
2mA 3.3V Bidirect Output Buffer

Name: bd2l Description: 2 mA 3.3 V Bidirect OQutput Buffer
Coding Syntax: u(io,zi,po) = &bd2*1(io,a,en,tn,pi)

Loading Characteristics:
Values stated in standard loads.
Version a en tn pi
bd2*1 0.5 1.0 0.5 0.5
Pin IO Input Capacitance: Device(1.7 pF) + pad(0.8 pF) = 2.5 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)

Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
bd2*1 1 1 a_to_io tpLH 240 | 5.68 8.95 | 10.36 | 0.0936 1.0000
tpHL 134 | 270 | 4.06 | 4.64 0.0388 0.7603
en_to_io| tpZH 2.57 5.85 9.12 | 1053 | 0.0936 1.1700
tpZL 1.53 289 | 425 | 483 0.0388 0.9503
tpLZ 132 | 268 | 404 | 4.62 0.0388 0.7403
tpHZ 226 | 554 8.81 | 1022 | 0.0936 0.8600
tn_to_io| tpZH 2.65 5.93 920 | 10.61 | 0.0936 1.2500
tpZL 1.61 297 | 433 491 0.0388 1.0303
tpLZ 1.37 2.73 4.09 | 4.67 0.0388 0.7903
tpHZ 2.31 5.59 886 | 1027 | 0.0936 0.9100
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bdd4l M 5304804 0OL500Y4 T99 EELLC
4 mA 3.3V Bidirect Output Buffer

Name: bd4l Description: 4 mA 3.3 V Bidirect Output Buffer
Coding Syntax: u(i0,zi,po) = &bd4*1(io,a,en,tn,pi)

Loading Characteristics:
Values stated in standard loads.
Version a en n pi
bd4*] 0.5 1.0 0.5 0.5
Pin 10 Input Capacitance: Device(1.7 pF) + pad(0.8 pF) = 2.5 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)

Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
bd4#1 1 1 a_to_io tpLH 1.81 3.60 5.40 6.17 0.0513 1.03%90
tpHL 1.07 1.70 2.33 2.60 0.0180 0.7959
en_to_io| tpZH 1.99 3.78 5.58 6.35 0.0513 1.2190
tpZL 1.27 1.90 2.53 2.80 0.0180 0.9959
tpLZ 1.16 1.79 242 2.69 0.0180 0.8859
tpHZ 1.64 3.43 5.23 6.00 0.0513 0.8690
tn_to_io tpZH 2.07 3.86 5.66 6.43 0.0513 1.2990
tpZL 1.35 1.98 2.61 2.88 0.0180 1.0759
tpLZ 1.21 1.84 247 2.74 0.0180 0.9359
tpHZ 1.69 348 5.28 6.05 0.0513 0.9190
bd4*rl 1 1 a_to_io tpLH 2.10 | 443 6.76 7.76 0.0665 1.1062
tpHL 1.16 1.87 2.57 2.87 0.0201 0.8623
en_to_io| tpZH 226 | 439 6.92 7.92 0.0665 1.2662
tpZL 145 2.16 2.86 3.16 0.0201 1.1523
tpL.Z 1.08 1.79 2.49 2.79 0.0201 0.7823
tpHZ 1.95 428 6.61 7.61 0.0665 0.9562
tn_to_io tpZH 236 | 4.69 7.02 8.02 0.0665 1.3662
tpZL 1.55 2.26 2.96 3.26 0.0201 1.2523
tpLZ .| 1.13 1.84 2.54 2.84 0.0201 0.8323
tpHZ 2.00 | 4.33 6.66 7.66 0.0665 1.0062
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B 5304804 0015005 925 EELLC bdal

4 mA 3.3V Bidirect Output Buffer

AC Characteristics: (Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)
Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
bd4*rpl 1 1 a_to_io tpLH 205 | 413 | 622 | 7.11 0.0596 1.1548

tpHL 1.13 1.78 2.44 272 0.0187 0.8480
en_to_io| tpZH 2.19 427 6.36 725 0.0596 1.2948
tpZL 1.31 1.96 2.62 2.90 0.0187 1.0280
tpLZ 1.33 1.98 2.64 2.92 0.0187 1.0480
tpHZ 1.93 4.01 6.10 6.99 0.0596 1.0348
tn_to_io| tpZH 230 | 438 6.47 7.36 0.0596 1.4048
tpZL 1.42 2.07 2.73 3.01 0.0187 1.1380
tpLZ 1.39 2.04 270 | 298 0.0187 1.1080
tpHZ 1.99 4.07 6.16 | 7.05 0.0596 1.0948
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bdsél B 5304804 001500L 8Ll EMLLC
6 mA 3.3V Bidirect Output Buffer

Name: bdé6l Description: 6 mA 3.3 V Bidirect Output Buffer
Coding Syntax: u(io,zi,po) = &bd6*1(i0,a,en,tn,pi)

Loading Characteristics:
Values stated in standard loads.

Version a en tn pi
bd6*1 1.0 1.9 1.0 0.5
Pin IO Input Capacitance: Device(2.7 pF) + pad(0.8 pF) = 3.5 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)

Version Slots | Pads Path Qutput 15 50 85 100 Slope Incpt
bd6*1 2 1 a_to_io tpLH 1.48 2.65 3.81 4.31 0.0333 0.9831
tpHL 0.98 1.41 1.85 2.04 0.0125 0.7887
en_to_io| tpZH 1.65 2.82 3.98 4.48 0.0333 1.1531
tpZL 1.16 1.59 2.03 2.22 0.0125 0.9687
tpLZ 1.08 1.51 1.95 2.14 0.0125 0.8887
tpHZ 1.33 2.50 3.66 4.16 0.0333 0.8331
tn_to_io | tpZH 1.74 291 4.07 4.57 0.0333 1.2431
tpZL 1.25 1.68 2.12 2.31 0.0125 1.0587
tpLZ 1.12 1.55 1.99 2.18 0.0125 0.9287
tpHZ 1.37 2.54 370 | 4.20 0.0333 0.8731
bd6*rl 2 1 a_to_io tpLH 1.69 3.22 4.75 5.40 0.0437 1.0353
tpHL 1.04 1.53 2.01 222 0.0139 0.8330
en_to_io| tpZH 1.85 3.38 491 5.56 0.0437 1.1953
tpZL 1.35 1.84 2.32 253 0.0139 1.1430
tpLZ 1.01 1.50 1.98 2.19 0.0139 0.8030
tpHZ 1.59 312 | 4.65 5.30 0.0437 0.9353
tn_to_io| tpZH 1.95 3.48 5.01 5.66 0.0437 1.2953
tpZL 1.45 1.94 242 2.63 0.0139 1.2430
tpLZ 1.03 1.52 2.00 221 0.0139 0.8230
tpHZ 1.61 3.14 | 4.67 532 0.0437 0.9553
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M 5304804 DOL5007 7T MELLC
hdél
6 mA 3.3 V Bidirect Qutput Buffer

AC Characteristics: {Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)
Version Slots | Pads Path Output 15 56 85 100 Slope Incpt
bd6*rpl 2 1 a_to_io tpLH 1.65 | 298 | 432 | 489 | 0.0381 1.0782

tpHL 1.02 1.45 1.89 2.08 0.0125 0.8287
en_to_io| tpZH 1.79 312 | 4.46 5.03 0.0381 1.2182
tpZL 1.20 1.63 2,07 226 0.0125 1.0087
tpLZ 1.24 1.67 211 2.30 0.0125 1.0487
tpHZ 1.57 290 | 424 | 4381 0.0381 0.9982
tn_to_io| tpZH 1.89 322 | 4.56 5.13 0.0381 1.3182
tpZL 1.30 1.73 217 2.36 0.0125 1.1087
tpLZ 1.30 1.73 217 2.36 0.0125 1.1087
tpHZ 1.63 296 | 430 | 487 0.0381 1.0582
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M 5304404 0015008 L34 EMLLC

bd8l

8 mA 3.3 V Bidirect Qutput Buffer

Name: bd8l Description: 8 mA 3.3 V Bidirect Output Buffer
Coding Syntax: u(io,zi,po) = &bd8*I(io,a,en,tn,pi)

Loading Characteristics:
Values stated in standard loads.
Version a en tn pi
bd8*1 1.0 1.9 1.0 0.5
Pin IO Input Capacitance: Device(2.7 pF) + pad(0.8 pF) = 3.5 pF

AC Characteristics:

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.
D Delay Capacitance Loads (pF)

Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
bd8*1 2 1 a_to_io tpLH 139 | 231 323 | 363 0.0263 0.9916
tpHL 0.94 1.26 1.57 1.71 0.0090 | 0.8079
en_to_io| tpZH 1.57 | 249 | 341 3.81 0.0263 1.1716
tpZL 1.13 1.45 1.76 1.90 | 0.0090 0.9979
tpLZ 1.03 1.35 1.66 1.80 | 0.0090 | 0.8979
tpHZ 123 | 215 3.07 | 347 0.0263 0.8316
tn_to_io| tpZH 166 | 2.58 350 | 3.90 | 0.0263 1.2616
tpZL 1.22 1.54 1.85 1.99 | 0.0090 1.0879
tpLZ 1.07 1.39 1.70 1.84 | 0.0090 0.9379
tpHZ 127 | 219 3.11 3.51 0.0263 0.8716
bd8*rl 2 1 a_to_io tpLH 1.57 | 276 | 395 | 446 | 0.0340 1.0653
tpHL 1.00 1.36 1.73 1.88 | 0.0104 | 0.8422
en_to_io| tpZH 173 | 292 | 411 462 | 0.0340 1.2253
tpZL 1.31 1.67 | 2.04 | 2.19 | 0.0104 1.1522
tpLZ 1.01 1.37 1.74 1.89 | 0.0104 | 0.8522
tpHZ 143 | 262 | 381 432 | 00340 | 09253
tn_to_io| tpZH 1.83 | 3.02 | 421 472 | 0.0340 1.3253
tpZL 1.41 177 | 2.14 | 229 | 00104 1.2522
tpLZ 1.03 1.39 1.76 1.91 0.0104 | 0.8722
tpHZ 1.45 264 | 383 | 434 | 0.0340 | 0.9453

3-82 5Vand 3.3 VI/0 Macrocells 33VI0s

10/93 © 1992, 1993 LS/ Logic Corp. Proprietary Information




BN 5304804 0015009 570 MELLC baal

8 mA 3.3 V Bidirect Output Buffer

AC Characteristics: (Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)
Version Slots | Pads Path Qutput 15 50 85 100 Slope Incpt
bd8*rpl 2 1 a_to_io tpLH 1.55 2.65 374 | 421 0.0312 1.0867

tpHL 1.00 1.34 1.67 1.82 0.0097 0.8501
en_to_io| tpZH 170 | 2.80 389 | 4.36 0.0312 1.2367
tpZL 1.19 1.53 1.86 2.01 0.0097 1.0401
tpLZ 1.21 1.55 1.88 2.03 0.0097 1.0601
tpHZ 1.46 2.56 3.65 412 0.0312 0.9967
tn_to_io | tpZH 1.80 2.90 399 | 4.46 0.0312 1.3367
tpZL 1.29 1.63 1.96 2.11 0.0097 1.1401
tpLZ 1.27 1.61 1.94 2.09 0.0097 1.1201
tpHZ 1.52 2.62 37 4.18 0.0312 1.0567
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12 mA 3.3 V Bidirect Output Buffer

Name: bdl2l Description: 12 mA 3.3 V Bidirect Output Buffer
Coding Syntax: u(io,zi,po) = &bd12*1(io,a,en,tn,pi)

Loading Characteristics:
Values stated in standard loads.

Version a en tn pi
bd12%] 1.5 27 15 0.5
Pin IO Input Capacitance: Device(3.7 pF) + pad(0.8 pF) = 4.5 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)

Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
bd12*1 3 1 a_to_io tpLH 1.25 1.88 2.51 2.78 0.0180 0.9759
tpHL 0.89 1.11 1.33 142 0.0062 0.7993
en_to_io tpZH 1.43 2.06 2.69 2.96 0.0180 1.1559
tpZL 1.08 1.30 1.52 1.61 0.0062 0.9893
tpLZ 1.00 1.22 1.44 1.53 0.0062 0.9093
tpHZ 1.09 1.72 2.35 2.62 0.0180 0.8159
tn_to_io tpZH 1.52 2.15 2.78 3.05 0.0180 1.2459
tpZL 1.17 1.39 1.61 1.70 0.0062 1.0793
tpLZ 1.04 1.26 1.48 1.57 0.0062 0.9493
tpHZ 1.13 1.76 2.39 2.66 0.0180 0.8559
bd12*rl 3 1 a_to_io tpLH 1.36 2.18 3.01 3.36 0.0236 1.0030
tpHL 0.99 1.23 147 1.57 0.0069 0.8815
en_to_io| tpZH 1.55 2.37 320 3.55 0.0236 1.1930
tpZL 1.19 1.43 1.67 1.77 0.0069 1.0815
tpLZ 1.04 1.28 1.52 1.62 0.0069 0.9315
tpHZ 1.28 2.10 2.93 3.28 0.0236 0.9230
tn_to_io | tpZH 1.66 2.48 331 3.66 0.0236 1.3030
tpZL 1.30 1.54 1.78 1.88 0.0069 1.1915
tpLZ 1.08 1.32 1.56 1.66 0.0069 0.9715
tpHZ 1.32 2.14 297 3.32 0.0236 0.9630
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bd12i
12 mA 3.3 V Bidirect Output Buffer

AC Characteristics: (Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)
Version Slots | Pads Path Qutput 15 50 85 100 Slope Incpt
bd12*rpl 3 1 a_to_io tpLH 1.38 2.16 2.93 327 0.0222 1.0487

tpHL 0.94 1.18 1.42 1.52 0.0069 0.8315
en_to_io| tpZH 1.54 232 3.09 3.43 0.0222 1.2087
tpZL 1.11 1.35 1.59 1.69 0.0069 1.0015
tpLZ 1.19 143 1.67 -| 1.77 0.0069 1.0815
tpHZ 1.30 2.08 2.85 3.19 0.0222 0.9687
tn_to_io| tpZH 1.65 2.43 3.20 3.54 0.0222 1.3187
tpZL 1.22 1.46 1.70 1.80 0.0069 1.1115
tpLZ 1.25 1.49 1.73 1.83 0.0069 1.1415
tpHZ 1.36 2.14 291 3.25 0.0222 1.0287

5Vand 3.3V I/0 Macrocells 3.3VI/0s 3-85
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3-State Output

Buffer Logic tn —
Symbol en —O
a — 2

3-State Output 3-State Buffer
Buffer _

Schematics tn —t—_ﬁoi—___EDO__DO_OE

3-State Buffer with Slew Rate Control

_Iﬁ__ ,

tn
en
a
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bttl
1 mA 3.3V 3-State Output Buffer

Name: btll Description: 1 mA 3.3 V 3-State Output Buffer
Coding Syntax: z=&bt1l(a,en,tn)

Loading Characteristics:
Values stated in standard loads.
Version a en in
btil 0.5 1.0 0.5
Pin Z Output Capacitance: Device(1.2 pF) + pad(0.8 pF) = 2.0 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)
Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
bt1l 1 1 a_to_z tpLH 2.89 7.25 11.62 | 1349 | 0.1247 1.0167

tpHL 1.31 2.67 4.03 4.61 0.0388 0.7303
en_to_z tpZH 3.07 7.43 | 11.80 | 13.67 | 0.1247 1.1967
tpZL 1.51 2.87 423 4.81 0.0388 0.9303
tpLZ 122 2.58 394 | 452 0.0388 0.6403
tpHZ 2,78 7.14 | 1151 | 13.38 | 0.1247 0.9067
tn_to_z tpLZ 1.27 2.63 399 | 457 0.0388 0.6903
tpHZ 2.83 719 | 11.56 | 1343 | 0.1247 0.9567
tpZH 3.15 7.51 | 11.88 | 1375 | 0.1247 1.2767
tpZL 1.59 2.95 4.31 4.89 0.0388 1.0103
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bt2l

2mA 3.3V 3-State Output Buffer

Name: bt2l Description: 2 mA 3.3 V 3-State Output Buffer
Coding Syntax: z =&bt2l(a,en,tn)

Loading Characteristics:
Values stated in standard loads.

Version a en tn
bt2l 0.5 1.0 0.5
Pin Z Output Capacitance: Device(1.2 pF) + pad(0.8 pF) = 2.0 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)

Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
bt21 1 1 a_to_z tpLH 240 5.68 8.95 | 1036 | 0.0936 1.0000
tpHL 1.34 270 | 406 | 4.64 0.0388 0.7603
en_to_z tpZH 2.57 5.85 9.12 | 10.53 | 0.0936 1.1700
tpZL 1.53 2.89 | 425 4.33 0.0388 0.9503
tpLZ 1.32 2.68 4.04 | 4.62 0.0388 0.7403
tpHZ 2.26 5.54 881 | 1022 | 0.0936 0.8600
tn_to_z tpLZ 1.37 2.73 4.09 4.67 0.0388 0.7903
tpHZ 2.31 5.59 8.86 | 10.27 | 0.0936 0.9100
tpZH 2.65 5.93 9.20 | 10.61 | 0.0936 1.2500
tpZL 1.61 2.97 433 491 0.0388 1.0303
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4 mA 3.3V 3-State Output Buffer

Name: btdl Description: 4 mA 3.3 V 3-State Output Buffer
Coding Syntax: z=&bt4*I(a,en,tn)

Loading Characteristics:
Values stated in standard loads.
Version a en tn
b4l 0.5 1.0 0.5
Pin Z Output Capacitance: Device(1.2 pF) + pad(0.8 pF) = 2.0 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)
Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
bt4l 1 1 a_to_z tpLH 1.81 3.60 5.40 6.17 0.0513 1.0390

tpHL 1.07 1.70 2.33 2.60 0.0180 0.7959
en_to_z tpZH 1.99 3.78 5.58 6.35 0.0513 1.2190
tpZL 1.27 1.90 2.53 2.80 0.0180 0.9959
tpLZ 1.16 1.79 242 2.69 0.0180 0.8859
tpHZ 1.64 343 5.23 6.00 0.0513 0.8690
tn_to_z tpLZ 1.21 1.84 247 2.74 0.0180 0.9359
tpHZ 1.69 3.48 5.28 6.05 0.0513 0.9190
tpZH 2.07 3.86 5.66 6.43 0.0513 1.2990
tpZL 1.35 1.98 2.61 2.88 0.0180 1.0759
bt4rl 1 1 a_to_z tpLH 2.10 443 6.76 7.76 0.0665 1.1062
tpHL 1.16 1.87 2.57 2.87 0.0201 0.8623
en_to_z tpZH 2.26 4.59 6.92 7.92 0.0665 1.2662
tpZL 1.45 2.16 2.86 3.16 0.0201 1.1523
tpLZ 1.08 1.79 2.49 2.79 0.0201 0.7823
tpHZ 1.95 4.28 6.61 7.61 0.0665 0.9562
tn_to_z tpLZ 1.13 1.84 2.54 2.84 0.0201 0.8323
tpHZ 2.00 433 6.66 7.66 0.0665 1.0062
tpZH 236 4.69 7.02 8.02 0.0665 1.3662
tpZL 1.55 2.26 2.96 3.26 0.0201 1.2523
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4 mA 3.3 V 3-State Output Buffer

AC Characteristics: (Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)

Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
btdrpl 1 1 a_to_z tpLH 2.05 4.13 6.22 7.11 0.0596 1.1548
tpHL 1.13 1.78 2.44 2.72 0.0187 0.8480
en_to_z | tpZH 219 | 427 | 636 | 7.25 | 0.059 1.2948
tpZL 1.31 196 | 2.62 | 290 | 0.0187 1.0280
tpLZ 1.33 1.98 2.64 292 0.0187 1.0480
tpHZ 193 | 4.01 6.10 | 699 | 0.0596 1.0348
tn_to_z tpLZ 139 | 204 | 270 | 298 | 0.0187 1.1080
tpHZ 1.99 4.07 6.16 7.05 0.0596 1.0948
tpZH 230 | 438 | 647 | 736 | 0.059 1.4048
tpZL 142 2.07 2.73 3.01 0.0187 1.1380
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bt6
6 mA 3.3 V 3-State Qutput Buffer

Name:  btél Description: 6 mA 3.3 V 3-State Output Buffer
Coding Syntax: 7z=&bt6*1(a,en,tn)

Loading Characteristics:
Values stated in standard loads.
Version a en tn
bt6l 1.0 1.9 1.0
Pin Z Output Capacitance: Device(2.2 pF) + pad(0.8 pF) = 3.0 pF

AC Characteristics: .
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)
Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
bt6l 2 1 a_to_z tpLH 1.48 2.65 3.81 431 0.0333 0.9831

tpHL 0.98 1.41 1.85 2.04 0.0125 0.7887
en_to_z tpZH 1.65 2.82 3.98 448 0.0333 1.1531
tpZL 1.16 1.59 2.03 222 0.0125 0.9687
tpLZ 1.08 1.51 1.95 2.14 0.0125 0.8887
tpHZ 1.33 2.50 3.66 4.16 0.0333 0.8331
th_to_z tpLZ 1.12 1.55 1.99 2.18 0.0125 0.9287
tpHZ 1.37 2.54 370 | 4.20 0.0333 0.8731
tpZH 1.74 291 4.07 4.57 0.0333 1.2431
tpZL 1.25 1.68 2.12 2.31 0.0125 1.0587
bt6rl 2 1 a_to_z tpLH 1.69 3.22 4.75 5.40 0.0437 1.0353
tpHL 1.04 1.53 2.01 222 0.0139 0.8330
en_to_z tpZH 1.85 3.38 4.91 5.56 0.0437 1.1953
tpZL 1.35 1.84 232 2.53 0.0139 1.1430
tpLZ 1.01 1.50 1.98 2.19 0.0139 0.8030
tpHZ 1.59 3.12 4.65 5.30 0.0437 0.9353
tn_to_z tpLZ 1.03 1.52 2.00 2.21 0.0139 0.8230
tpHZ 1.61 3.14 4.67 5.32 0.0437 0.9553
tpZH 1.95 3.48 5.01 5.66 0.0437 1.2953
tpZL 1.45 1.94 2.42 2.63 0.0139 1.2430
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6 mA 3.3 V 3-State Output Buffer

AC Characteristics: (Cont.)

VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.
D Delay Capacitance Loads (pF)
Version Slots | Pads Path Qutput 15 50 85 100 Slope Incpt
btorpl 2 1 a_to z tpLH 1.65 298 4.32 4.89 0.0381 1.0782
tpHL 1.02 145 1.89 2.08 0.0125 0.8287
en_to_z tpZH 1.79 312 4.46 5.03 0.0381 1.2182
tpZL 1.20 1.63 2.07 2.26 0.0125 1.0087
tpLZ 1.24 1.67 211 2.30 0.0125 1.0487
tpHZ 1.57 2.90 424 4.81 0.0381 0.9982
tn_to_z tpLZ 1.30 1.73 217 2.36 0.0125 1.1087
tpHZ 1.63 2.96 4.30 4.87 0.0381 1.0582
tpZH 1.89 322 4.56 5.13 0.0381 1.3182
tpZL 1.30 1.73 2.17 2.36 0.0125 1.1087
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8 mA 3.3 V 3-State Output Buffer

Name: bt8l Description: 8 mA 3.3 V 3-State Output Buffer
Coding Syntax: z=&Dbt8*I(a,en,tn)

Loading Characteristics:
Values stated in standard loads.
Version a en tn
bt8l1 1.0 1.9 1.0
Pin Z Output Capacitance: Device(2.2 pF) + pad(0.8 pF) = 3.0 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)

Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
bt8l 2 1 a_to_z tpLH 1.39 231 3.23 3.63 0.0263 0.9916
tpHL 0.94 1.26 1.57 1.71 0.0090 0.8079
en_to_z tpZH 1.57 2.49 3.41 3.81 0.0263 1.1716
tpZL 1.13 1.45 1.76 1.90 0.0090 0.9979
tpLZ 1.03 1.35 1.66 1.80 0.0090 0.8979
tpHZ 1.23 2.15 3.07 3.47 0.0263 0.8316
tn_to_z tpLZ 1.07 1.39 1.70 1.84 0.0090 0.9379
tpHZ 1.27 2.19 3.11 3.51 0.0263 0.8716
tpZH 1.66 2.58 350 | 3.90 0.0263 1.2616
tpZL 1.22 1.54 1.85 1.99 0.0090 1.0879
bt8rl 2 1 a_to_z tpLH 1.57 2.76 3.95 4.46 0.0340 1.06353
‘ tpHL 1.00 1.36 1.73 1.88 0.0104 0.8422
en_to_z tpZH 1.73 292 | 411 4.62 0.0340 1.2253
tpZL 1.31 1.67 204 | 219 | 0.0104 1.1522
tpLZ 1.01 1.37 1.74 1.89 0.0104 0.8522
tpHZ 1.43 2.62 3.81 432 | 0.0340 0.9253
tn_to_z tpLZ 1.03 1.39 1.76 191 0.0104 0.8722
tpHZ 1.45 264 | 383 | 434 | 0.0340 0.9453
tpZH 1.83 3.02 | 4.21 472 | 0.0340 1.3253
tpZL 1.41 1.77 214 | 229 | 0.0104 1.2522
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bt8l
8 mA 3.3 V 3-State Qutput Buffer

AC Characteristics: (Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)

Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
bt8rpl 2 1 a_to_z tpLH 1.55 2.65 3.74 421 0.0312 1.0867
tpHL 1.00 1.34 1.67 1.82 0.0097 0.8501
en_to_z| tpZH 170 | 2.80 | 3.89 | 436 | 0.0312 1.2367
tpZL 1.19 1.53 1.86 | 201 0.0097 1.0401
tpLZ 1.21 1.55 1.88 2.03 0.0097 1.0601
tpHZ 146 | 256 | 3.65 | 412 | 0.0312 | 0.9967
tn_to_z tpLZ 1.27 1.61 1.94 2.09 0.0097 1.1201
tpHZ 152 | 262 | 371 | 4.18 | 0.0312 1.0567
tpZH 1.80 2.90 3.99 4.46 0.0312 1.3367
tpZL 1.29 1.63 1.96 | 2.11 0.0097 1.1401
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12 mA 3.3 V 3-State Output Buffer

Name: btl2l Description: 12 mA 3.3 V 3-State Output Buffer
Coding Syntax: z=&bt12*1(a,en,tn)

Loading Characteristics:
Values stated in standard loads.

Version a en tn
bt121 1.5 27 15
Pin Z Output Capacitance: Device(3.2 pF) + pad(0.8 pF) = 4.0 pF

AC Characteristics:
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.
uD Delay Capacitance Loads (pF)
Version Slots | Pads Path Qutput 15 50 85 100 Slope Incpt
bt121 3 1 a_to_z tpLH 1.25 1.88 2.51 2.78 0.0180 0.9759

tpHL 0.89 1.11 133 142 | 0.0062 0.7993
en_to_z tpZH 142 | 2.05 268 | 295 0.0180 1.1459
tpZL 1.07 1.29 1.51 1.60 | 0.0062 0.9793
tpLZ 1.00 1.22 1.44 1.53 0.0062 0.9093
tpHZ 1.09 172 | 235 262 | 0.0180 0.8159
tn_to_z tpLZ 1.04 1.26 1.48 1.57 | 0.0062 0.9493
tpHZ 1.13 176 | 239 | 2.66 | 0.0180 0.8559
tpZH 1.51 214 | 277 3.04 | 0.0180 1.2359
tpZL 1.16 1.38 1.60 1.69 | 0.0062 1.0693
bt12rl 3 1 a_to_z tpLH 136 | 2.18 3.01 336 | 00236 1.0030
tpHL 0.99 1.23 1.47 1.57 0.0069 0.8815
en_to_z tpZH 1.55 237 320 | 3.55 0.0236 1.1930
tpZL 1.19 1.43 1.67 1.77 0.0069 1.0815
tpLZ 1.04 1.28 1.52 1.62 | 0.0069 0.9315
tpHZ 1.28 210 | 293 3.28 0.0236 0.9230
tn_to_z tpLZ 1.08 1.32 1.56 1.66 | 0.0069 0.9715
tpHZ 132 | 214 | 297 332 0.0236 | 0.9630
tpZH 1.66 | 248 331 3.66 | 0.0236 1.3030
tpZL 1.30 1.54 1.78 1.88 0.0069 1.1915

5Vand 3.3V I/0 Macrocells 3.3VI/0s 3-95
10/93 © 1992, 1993 LSI Logic Corp. Proprietary Information




bt121 B 5304804 0015022 TO4 WELLC

12 mA 3.3 V 3-State Output Buffer

AC Characteristics: (Cont.)
VDD=5 V, Ambient Temperature=25 degrees C, Estimated Wire Length=0, Process=Nominal. Values stated in nanoseconds.

D Delay Capacitance Loads (pF)

Version Slots | Pads Path Output 15 50 85 100 Slope Incpt
bt12rpl 3 1 a_to_z tpLH 1.38 2.16 2.93 327 0.0222 1.0487
tpHL 0.94 1.18 1.42 1.52 | 0.0069 0.8315
en_to_z tpZH 1.53 2.31 3.08 342 0.0222 1.1987
tpZL. 1.10 1.34 1.58 1.68 | 0.0069 0.9915
tpLZ 1.20 1.44 1.68 1.78 0.0069 1.0915
tpHZ 1.31 209 | 286 | 320 | 0.0222 0.9787
tn_to_z tpLZ 1.26 1.50 1.74 1.84 | 0.0069 1.1515
tpHZ 1.37 | 2.15 292 | 326 | 0.0222 1.0387
tpZH 1.64 2.42 3.19 353 0.0222 1.3087
tpZL 121 1.45 1.69 1.79 | 0.0069 1.1015
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Chapter 4

Logic Functions

(Block Synthesis) and
Memories (Memory Compiler)

This chapter lists logic functions available through the C-MDE Block Syn-
thesis program and memories available through the C-MDE Memory
Compiler program.

41 Block Synthesis is a design tool that automates the design, verification,
Logic Funetions  and documentation of common logic functions.

Available

Through Block Counters, registers, and multiplexers are examples of functions that are
Synthesis part of almost every digital system design. With Block Synthesis, opti-

mized logic functions that are “right by construction” are automatically
generated from user specifications. Table 4.1 lists Block Synthesis-
generated logic functions: the variety of logic function, the bit width, and
the available options.

Table 4.1
Block Synthesis-
Generated Logic
Functions
Logic Function  Variety Width (Bits) Available Options
Adders Carry Select 1-64
Carry Look-Ahead 1-64
Carry-Skip 1-64
Ripple Carry 1-64
Advanced Parallel 1-512 Optimized for Speed/Gates
Carry-in/Carry-out
High-drive Output
Pipelined with Choice of Flip-Flop
(Sheet 1 of 3)
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Table 4.1 (Cont.)

Block Synthesis-
Generated Logic
Functions

Logic Function  Variety Width (Bits) Available Options

Counters Ripple Binary 2-64 Clear Direct
Set Direct
Clear Direct, Count Enable
Set Direct, Count Enable

Johnson 2-64 Asynchronous Clear
Asynchronous Set
Synchronous Clear
Count Enable

Binary Up 2-64 Asynchronous Clear

Binary Down Asynchronous Set

Binary Up/Down Asynchronous Load
Synchronous Clear
Synchronous Set
Synchronous Load
Count Enable

Shift 3-12 Asynchronous Clear
Asynchronous Set
Asynchronous Load
Synchronous Clear
Synchronous Set
Synchronous Load
Count Enable

Gray Up 4-32 Asynchronous Clear
Gray Down Asynchronous Set
Gray Up/Down Synchronous Clear

Multiplexers 2-16 1-64 Invert/Normal Outputs
Gated/Non-Gated Outputs
Encoded/Decoded Selects
Optimized for Speed/Gates

Incrementers Incrementer 1-64 Invert/Normal Outputs
Decrementers Decrementer Gated/Non-Gated Outputs
Incrementer/Decrementer Optimized for Speed/Gates

Decoders 2-to-4 through Invert/Normal Outputs
7-to-128 Gated/Non-Gated Outputs
High Drive Outputs

(Sheet 2 of 3)
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Table 4.1 (Cont.)

Block Synthesis-
Generated Logic
Functions
Logic Function  Variety Width (Bits) Available Options
Shift Register 2-128 Asynchronous Clear
Asynchronous Set
Asynchronous Parallel Load
Synchronous Clear
Synchronous Set
Synchronous Parallel Load
Shift Enable
Shift Left/Right
FI/FIFO 2-1024 Words 1-128 Block Layout or Not
Comparator 1-128 Invert/Normal Outputs
Optimized for Speed/Gate
High Drive Outputs
Buffered/Unbuffered Inputs
BUFGEN 2-2048 Input UL 2-256 Fan-Outs Invert/Normal Outputs
Multipliers 16 Multipliers 128 x 128 Delay of Multiplicands
32 Addends Delay of Multipliers
for Sum-of-Product Delay of Addends
Signed/Unsigned/Mixed-mode of any
I/O 1 Pipeline with choice of Flip-Flop
JTAG TAP Controller
Instruction Register
Device ID Registers
Barrel Shifters Logical 128 Invert/Normal Qutputs
Arithmetic Left/Right - Left/Right
Circular Maximum Shift Positions
Logical/Arithmetic/Circular
RAM-BIST For all 1-Port RAMs Number of Words
Word Length
Sub-word Length
ALU 74181 1-256 Optimized for Speed/Gates
Buffered/Unbuffered Inputs/Outputs
Optimized for Speed/Gates
ALU within the 2901 1-256 Buffered/Unbuffered Inputs/Outputs
Carry-out Options
Optimized for Speed/Gates
RAM size (8-1024)
2901 4-128 Carry-out Options
(Sheet 3 of 3)
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4.2 Memory Compiler is a design tool that automatically generates
Memories application-specific single- or multi-port megacells—such as static
Available RAMs, ROMs, FIFOs, and CAMs—for cell- and array-based designs.
Through Memory  With Memory Compiler, the user can quickly and efficiently generate
Compiler memories optimized for both speed and area. For example, RAM and

ROM can be configured so as to eliminate unnecessary memory, require
fewer buffers, and avoid inter-chip skew problems. Memory Compiler
also creates data sheets for each megacell generated and logic and layout
design files used for simulation, testing, and layout.

Table 4.2 shows the array-based megacells generated by Memory Com-
piler; Table 4.3 shows the cell-based megacells.

For more information contact your LSI Logic applications engineer.

Table 4.2
Memory Compiler-
Generated
Array-Based
Megacells
Max. Min. Max
Type Description Configuration Configuration Configuration Taa (ns)
DMO023 2 Port RAM - Irlw 54x32 8x4 54
DMO024 2 Port RAM - Irlw 128x32 65x4 6.31
DS023 3 Port RAM - 2rlw 64x32 8x4 TBD
GA023 I Port RAM - 1rw 64x32 8x4 543
GAO024 1 Port RAM - 1rw 128x32 65x32 6.33
GAO031 ROM 256x32 16x8 7.0
GAO032 ROM 1Kx32 512x8 10.0
FDTRAM31 2 Port RAM - Irlrw 64x32 8x4 5.1
FDTRAM32 2 Port RAM - Irlrw 128x32 65x4 TBD
44 Logic Functions and Memories Memories Available Through Memary Compiler
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Table 4.3

Memory Compiler-

Generated

Cell-Based

Megacells

Max Min Max

Type Description Configuration Configuration Configuration Taa (ns)

MG702 Low-Power 2 Port RAM with bit or byte 1Kx72 8x1 9.56
write option - Irlw

MG704 Low-Power 3 Port RAM with bit or byte 1Kx72 8x1 9.7
write option - 2rlw

MG705 High-Density 2 Port RAM - 2rw 2Kx24 16x2 6.8

MG709 CAM - Content Addressable Memory TBD TBD TBD

MG712 Low-Power 1 Port RAM with bit or byte 1Kx72 16x2 6.3
write option - 1rw

MG714  High-Density 1 Port RAM with bit or byte 2Kx36 32x8 7.1
write option - 1rw

MG716 ROM 2Kx72 32x2 10.2

MG722  Synchronous 1 Port RAM with bit or byte 2Kx36 16x2 6.0
write option - 1lrw

MG724  Delay Line Memory 2Kx36 16x4 2.0 ns!

MG732 RAM Based FIFO 2Kx24 32x2 TBD

1.TACK = 2.0 ns (The falling edge of 2047 clock cycle to data output)

Lagic Functions and Memories Memorigs Available Through Memory Compiler 4-5
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Chapter5
Macrofunctions

This chapter contains a table of any available macrofunctions. The table
shows the macrofunction names, industry standard names, short functional
descriptions, gate counts, and cell unit counts (where applicable).

The table is divided into the following categories:

m  Adders m Counters m Multiplexers

m  Buffers m Decoders m Parity Decoders

m Clock Prescalers = JTAG m Registers

m Comparators m Latches m Synchronizers

Array- Cell- Cell-
Industry Based Based Based
Standard Gate Gate Cell

Name Name Description Count Count Units
Adders
CLA1 Carry Look-Ahead for 4-Bit Adder 24 23 67
CLA2 Carry Look-Ahead for 4-Bit Adder 21 20 67
CLA2B Carry Look-Ahead for 2 Blocks of Adders 7 5 16
CLA2BGP CLA for 2 Blocks of Adders with Group G, P Outputs 14 10 36
CLA4B Carry Look-Ahead for 4 Blocks of Adders 24 19 75
CLA4BGP CLA for 4 Blocks of Adders with Group G, P Outputs 38 30 125
FA2 7482 2-Bit Binary Full Adder 20 18 52
FA4 4-Bit Binary Full Adder 50 41 146
FA4C 4-Bit CLA Adder with Carry Out 51 49 167
FA4GP 4-Bit CLA Adder with Group Generate/Propagate 63 61 210
FAS8 8-Bit Carry Look-Ahead Adder 121 115 393
FAl6 16-Bit Carry Look-Ahead Adder 277 251 872
(Sheet 1 of 8)
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Array- Cell- Cell-

Industry Based Based Based

Standard Gate  Gate Cell
Name Name Description Count Count Units
FA32 32-Bit Carry Look-Ahead Adder 588 550 1908
FAS2 2-Bit Binary 25 Complement Full Adder, Subtractor 26 20 62
Ms82C 7482 2-Bit Binary Full Adder 20 20 48
Buffers
M244C 74244 Dual 4-Bit 3-State Internal Buffer 36 26 88
Clock Prescalers
PS2 Divide by 2 External Clock Prescaler 17 16 41
PS3 Divide by 3 External Clock Prescaler 25 24 61
PS4 Divide by 4 External Clock Prescaler 33 32 82
Comparators
CMP4 4-Bit Equality Comparator 15 14 46
CMP8 8-Bit Equality Comparator 30 29 97
MAG2 1/2SN7485 2-Bit Expandable Magnitude Comparator 27 22 73
MAG2H 2-Bit Magnitude Comparator 22 17 59
MAG4 4-Bit Expandable Magnitude Comparator 50 44 151
M8sC 4-Bit Expandable Magnitude Comparator 50 44 151
MB85S 7485/74585 4-Bit Magnitude Comparator 42 40 156

741885
MS8SL 74L85 4-Bit Magnitude Comparator 40 38 150
Counters - Binary
CB4C 4-Bit Binary Up Counter with Synchronous Clear 50 44 131
CB5C 5-Bit Binary Up Counter with Synchronous Clear 64 57 173
CB6C 6-Bit Binary Up Counter with Synchronous Clear 78 70 212
CB7C 7-Bit Binary Up Counter with Synchronous Clear 96 84 256
CB8C 8-Bit Binary Up Counter with Synchronous Clear 113 98 298
CBSC 9-Bit Binary Up Counter with Synchronous Clear 131 112 347
CB10C 10-Bit Binary Up Counter with Synchronous Clear 147 127 393
CB4F 4-Bit Binary Up Counter with CD and SD 53 49 138
CBSF 5-Bit Binary Up Counter with CD and SD 72 63 180
CB6F 6-Bit Binary Up Counter with CD and SD 90 77 221
CB7F 7-Bit Binary Up Counter with CD and SD 108 92 266

(Sheet 2 of 8)
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Array- Cell- Cell-

Industry Based Based Based

Standard Gate  Gate Cell
Name Name Description Count Count Units
CBSF 8-Bit Binary Up Counter with CD and SD 127 107 309
CB9F 9-Bit Binary Up Counter with CD and SD 145 122 354
CBI1(F 10-Bit Binary Up Counter with CD and SD 163 138 401
CB41 4-Bit Binary Up Counter, Expandable with CD 62 54 150
CB42 4-Bit Binary Up Counter, Expandable, Synchronous Clear 62 58 166
CM3B Mod-3 Binary Counter with CD 19 17 46
CM4B Mod-4 Binary Counter with CD 19 18 46
CMS5B Mod-5 Binary Counter with CD 34 31 79
CM6B Mod-6 Binary Counter with CD 33 31 81
CM7B Mod-7 Binary Counter with CD 37 34 89
CM8B Mod-8 Binary Counter with CD 29 29 75
CM9B Mod-9 Binary Counter with CD 47 43 109
CM10B Mod-10 Binary Counter with CD 45 42 109
CM11B Mod-11 Binary Counter with CD 49 45 117
CM12B Mod-12 Binary Counter with CD 46 42 107
CM13B Mod-13 Binary Counter with CD 50 46 119
CM14B Mod-14 Binary Counter with CD 49 45 114
CM15B Mod-15 Binary Counter with CD 52 48 128
CM16B Mod-16 Binary Counter with CD 44 41 105
CM17B Mod-17 Binary Counter with CD 61 56 141
M160C 74160 4-Bit Binary Counter, Synchronous Load, Asynch. Clear 80 66 197
M160D 74160 4-Bit Binary Counter, Synchronous Load, Asynch. Clear 76 72 219
Mi6l1C 74161 4-Bit Binary Counter, Synchronous Load, Asynch. Clear 70 63 186
MI161D 74161 4-Bit Binary Counter, Synchronous Load, Asynch. Clear 70 68 210
M162C 74162 4-Bit Binary Counter, Synchronous Load, Synch. Clear 78 64 200
M162D 74162 4-Bit Binary Counter, Synchronous Load, Synch. Clear 74 71 222
M163C 74163 4-Bit Counter, Expandable, Synch. Load, Synch. Clear 78 63 190
M163D 74163 4-Bit Counter, Expandable, Synch. Load, Synch. Clear 72 69 215
M163F 74163 4-Bit Fast Binary Counter, Expandable, Synch. Load/Clear 115 104 296
M169C 74169 4-Bit Up/Down Counter, Expandable, Synch. Load 77 71 209
(Sheet 3 of 8)
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Array- Cell- Cell-

Industry Based Based Based

Standard Gate Gate Cell
Name Name Description Count Count Units
Counters - Gray Code
C2G Mod-4 Gray Code Counter with CD 20 16 42
C3G Mod-8 Gray Code Counter with CD 34 31 84
C4G Mod-16 Gray Code Counter with CD 56 52 140
C5G Mod-32 Gray Code Counter with CD 70 67 186
C6G Mod-64 Gray Code Counter with CD 84 79 212
CiG Mod-28 Gray Code Counter with CD 100 91 241
C8G Mod-256 Gray Code Counter with CD 115 104 275
Counters - Johnson
CM4J Mod-4 Johnson Counter with CD 18 16 42
CM6J Mod-6 Johnson Counter with CD 27 24 63
CM8J Mod-8 Johnson Counter with CD 36 32 84
CM10J Mod-10 Johnson Counter with CD 45 40 105
CM12J Mod-12 Johnson Counter with CD 54 48 126
CM14J Mod-14 Johnson Counter with CD 63 56 147
CM16J Mod-16 Johnson Counter with CD 72 64 168
Counters - Shift
CMS5SR Mod-5 Shift Counter with CD 28 25 67
CMB8SR Mod-8 Shift Counter with CD 31 28 76
CM9ISR Mod-9 Shift Counter with CD 40 36 98
CMI10SR Mod-10 Shift Counter with CD 42 38 103
CMI12SR Mod-12 Shift Counter with CD 41 37 97
Counters - Up/Down
CUD41 4-Bit Up/Down Counter with CD 72 65 191
CUD42 4-Bit Up/Down Counter with Asynch. Load Clear 92 83 258
Decoders
D24GH Gated 2-to-4 Decoder, Outputs High 15 10 34
D24GL Gated 2-t0-4 Decoder, OQutputs Low 16 10 34
D24H 2-to-4 Decoder, Outputs High 10 6 26
D24L 2-to-4 Decoder, Outputs Low 10 6 26
D38GH Gated 3-to-8 Decoder, Qutputs High 32 19 89
(Sheet 4 of 8)
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Array- Cell- Cell-

Industry Based Based Based

Standard Gate  Gate Cell
Name Name Description Count Count Units
D38GL Gated 3-t0-8 Decoder, Outputs Low 38 19 89
D38H 3-to-8 Decoder, Outputs High 27 19 65
D38L 3-to-8 Decoder, Outputs Low 30 19 65
D410H 4-to0-10 Decoder, Outputs High 38 24 112
D410L 4-t0-10 Decoder, Outputs Low 49 24 113
M42 7442 4-to-10 Decoder, Outputs Low 44 27 98
M138D 74138 Gated 3-t0-8 Decoder, Outputs Low 42 24 106
DM6JH Decoder for Mod-6 Johnson Counter, Outputs High 12 30
DMS6IL Decoder for Mod-6 Johnson Counter, Outputs Low 12 30
DMSJH Decoder for Mod-8 Johnson Counter, Outputs High 16 40
DMBSIL Decoder for Mod-8 Johnson Counter, Outputs Low 16 8 40
DMI10JH Decoder for Mod-10 Johnson Counter, Outputs High 20 10 50
DMI0JL Decoder for Mod-10 Johnson Counter, Outputs Low 20 10 50
DMI12JH Decoder for Mod-12 Johnson Counter, Outputs High 24 12 60
DM12]IL Decoder for Mod-12 Johnson Counter, Outputs Low 24 12 60
DMI14JH Decoder for Mod-14 Johnson Counter, Outputs High 28 14 70
DM14]L Decoder for Mod-14 Johnson Counter, OQutputs Low 28 14 70
DMI16JH Decoder for Mod-16 Johnson Counter, Outputs High 32 16 80
DMI16JL Decoder for Mod-16 Johnson Counter, Outputs Low 32 16 80
JTAG
TAPC_D6 JTAG TAP Controller 210 181 462
TAPDC! JTAG TAP Instruction Decoder 1 15 7 22
Latches
L3X8 8-Bit Gated Latch with CD 48 40 128
L4 4-Bit Gated Latch 24 20 52
L8 8-Bit Gated Latch 48 40 104
Multiplexers
Mi150C 74150 16-to-1 Inverting MUX with Gated Outputs 31 36 132
MI151C 74151 8-to-1 MUX with Gated Outputs 16 19 69
M152C 74152 8-to-1 Inverting MUX 13 17 60
M153C 7415152  Gate Dual 4-Input MUX 18 14 44
(Sheet 5 of 8)
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Array- Cell- Cell-

Industry Based Based Based

Standard Gate  Gate Cell
Name Name Description Count Count Units
MI157C 74157 Quad 2-to-1 Non-Inverting MUX, Gated Outputs 18 13 47
M158C 74158 Quad 2-to-1 Inverting MUX, Gated Outputs 22 11 49
MUX41GH 4-Bit Non-Inverting MUX, Gate 9 8 23
MUX41H 4-Bit Non-Inverting MUX 7 6 17
MUX41L 4-Bit Inverting MUX 7 7 19
MUXS52H Dual 5-Bit Non-Inverting MUX 20 19 50
MUX54H Quad 5-Bit Non-Inverting MUX 44 35 94
MUX61H Quad 6-Bit Non-Inverting MUX 14 12 31
MUX62H Dual 6-Bit Non-Inverting MUX 28 21 56
MUX64H Quad 6-Bit Non-Inverting MUX 56 39 107
MUX71H 7-Bit Non-Inverting MUX 15 14 38
MUX72H Dual 7-Bit Non-Inverting MUX 30 25 70
MUX74H Quad 7-Bit Non-Inverting MUX 48 47 135
MUX81H 8-Bit Non-Inverting MUX 15 14 48
MUX22H Dual 2-to-1 Non-Inverting MUX 8 7 27
MUX24H Quad 2-to-1 Non-Inverting MUX 16 13 51
MUX24L Quad 2-to-1 Inverting MUX 9 9 39
MUX31H 3-to-1 Non-Inverting MUX 8 7 20
MUX31L 3-to-1 Inverting MUX 8 8 23
MUX32H Dual 3-to-1 Non-Inverting MUX 12 13 37
MUX34H Quad 3-to-1 Non-Inverting MUX 22 26 74
MUX42H Dual 4-to-1 Non-Inverting MUX : 14 12 32
MUX44H Quad 4-to-1 Non-Inverting MUX 24 24 64
MUXS51H 5-to-1 Non-Inverting MUX 10 11 27
MUXSIL 5-to-1 Inverting MUX 10 9 28
MUX61L 6-to-1 Inverting MUX 14 14 48
MUX71L 7-to-1 Inverting MUX 6 16 57
MUX82H Dual 8-to-1 Non-Inverting MUX 30 28 80
MUX84H Quad 8-to-1 Non-Inverting MUX 60 56 160
Parity Detectors
PARS 8-Bit Odd Parity Detector 24 21 64
PAR9 9-Bit Odd Parity Detector 28 24 80
(Sheet 6 of 8)
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Array- Cell- Cell-

Industry Based Based Based

Standard Gate  Gate Cell
Name Name Description Count Count Units
Registers
C3LSR Mod-7 Linear Feedback Shift Register 29 26 67
C4LSR Mod-15 Linear Feedback Shift Register 38 34 88
C5LSR Mod-31 Linear Feedback Shift Register 48 43 114
C6LSR Mod-63 Linear Feedback Shift Register 56 50 130
C7LSR Mod-127 Linear Feedback Shift Register 65 58 151
C8LSR Mod-255 Linear Feedback Shift Register 80 72 190
CI9LSR Mod-511 Linear Feedback Shift Register 84 75 197
CI10LSR Mod-1023 Linear Feedback Shift Register 93 83 219
C11LSR Mod-2047 Linear Feedback Shift Register 102 91 240
CI12LSR Mod-4095 Linear Feedback Shift Register 117 105 280
C13LSR Mod-8191 Linear Feedback Shift Register 126 113 301
CI14LSR Mod-16383 Linear Feedback Shift Register 135 121 322
C15LSR Mod-32767 Linear Feedback Shift Register 138 123 324
C16LSR Mod-65535 Linear Feedback Shift Register 153 137 364
C17LSR Mod-131071 Linear Feedback Shift Register 156 139 366
CI8LSR Mod-262143 Linear Feedback Shift Register 165 147 387
C19LSR Mod-524287 Linear Feedback Shift Register 180 161 427
C20LSR Mod-1048575 Linear Feedback Shift Register 183 163 429
MR41 4-Bit Register with 2-Bit Multiplexed Inputs 40 37 103
MR42 4-Bit Register with 2-Bit Multiplexed Inputs and CD 44 41 111
MR43 4-Bit Register with 2-Bit MUXED Inputs & Synch. Clear 45 39 113
MR44 4-Bit Register with 2-Bit MUXED Inputs & Synch. Clear 49 43 121
MR&1 8-Bit Register with 2-Bit Multiplexed Inputs 80 73 204
MRS82 8-Bit Register with 2-Bit Multiplexed Inputs and CD 88 81 220
Other Registers
R41 4-Bit Data Register 32 28 72
R42 4-Bit Data Register, Clear Direct 36 32 84
R81 8-Bit Data Register 64 56 144
R82 8-Bit Data Register, Clear Direct 80 64 168
SR41 4-Bit Shift Register 32 28 72
(Sheet 7 of 8)
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Array- Cell- Cell-

Industry Based Based Based

Standard Gate  Gate Cell
Name Name Description Count Count Units
SR42 4-Bit Shift Register, Clear Direct 40 32 84
SR43 4-Bit Shift Register, Set Direct 36 32 80
SR44 4-Bit Shift Register, Sync. Parallel Load 42 38 96
SR45 4-Bit Shift Register, Sync. Parallel Load and Clear 45 39 104
SR46 4-Bit Shift Register, Async. Parallel Load 52 48 124
SR47 4-Bit Shift Register, Sync. Clear 36 32 84
Synchronizers
SYNCO1 Synchronizer for Asynchronous 0-to-1 16 15 39
SYNC10 Synchronizer for Asynchronous 1-to-0 16 15 39
(Sheet 8 of 8)
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Chapter 6
System Building Blocks and
CoreWare™ Microprocessors

By using system building blocks in a single-chip system, you can get to
market faster than your competitors—and with a better solution. A single-
chip system can offer the following advantages:

m shortened signal paths that reduce wire delays, allow higher clock fre-
quencies, and save power

m increased functional density and reliability

m reduced costs

m Dbetter protection for your intellectual property

This chapter lists system building blocks and CoreWare microprocessors

available at LSI Logic in the following four main sections:

m Industry Standard Peripheral Megafunctions

Megafunctions can be combined on a chip with CoreWare micropro-
cessors to form efficient high-performance systems. The number of
megafunctions that can be combined on any one chip is determined by
the size of the die chosen and the efficiency of the layout.

m Industry Standard Microcontrollers

System architectures of various widths can be constructed from the
4- through 32-bit microcontroller slices.

® Arithmetic Elements

These arithmetic elements can be the key building block of an ASIC
device dedicated to a specific arithmetic operation, or they can be
added as support for a microprocessor-based ASIC design.

m  CoreWare Microprocessors

High-performance CoreWare building blocks are fully supported for
use in the LSI Logic silicon development environment.

System Building Blocks 6-1
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For information and availability on the system building blocks and Core-
Ware listed in this chapter, contact your LSI Logic sales representative.

6.1 Table 6.1 lists by standard part number, computer, microprocessor, and

Industry embedded systems peripheral building blocks that are available as soft-

Standard coded (netlist format) cells.

Peripheral

Megafunctions

Table 6.1 Industry- LSI

Industry Standard Standard Logic

Peripheral Part Number Description Number

Megafunctions
6402 UART Y4020
6845 CRT Controller M8450
6850 UART MB8500
6850+ UART with Differential Control M8501
6854 Data Link (HDLC/SDLC) Controller M8540
8237 4-channel 8-bit Multimode DMA Controller 12370
8251 USART 12511
8253 Three Programmable 16-bit Binary and BCD Counters 12530
8254 Three Programmable 16-bit Binary and BCD Counters 12540
8255 8-bit Bidirectional 2-Port Parallel Interface, with Handshake 12550
8255 8-bit Bidirectional 3-Port Parallel Interface 12551
8259 8-input Cascadable Priority Interrupt Control 12590
8259+ 8-input Cascadable Priority Interrupt Control (8086 mode only) 12591
8284 Clock Generator/Driver for the 8085 and 8086 Microprocessors 12840
8288 Bus Controller for the 8085 and 8086 Microprocessors 12880
8530 Serial Communications Controller (SCC/USART) Y5300
16450 Async Communications Element, Modem Interface NO0O450
16550 Async Communications Element, Modem Interface NO550
82284 Clock Generator/Driver for the 80286 Microprocessor 1B840
82288 Bus Controller for the 80286 1B880
MC146818 Real Time (time-of-day) Clock Y8180
MC146818 Real Time (time-of-day) Clock (RAM-less version) Y8181

62 System Building Blocks Industry Standard Peripheral Megafunctions
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6.2 Table 6.2 lists elements that are architecturally-enhanced CMOS versions of:
Industry L
Standard ®m  8-bit microcontroller products

Microcontrollers m TTL 2900, 29100, and 29500 bit-slice microcontroller products

Table 6.2

Industry Standard

Micracontrollers

Industry LSI
Standard Part Gate Logic
Number Size Description Count Number
8031 8-bit Microcontroller 14569 10310
8051 8-bit Microcontroller 19542 10510
8042 8-bit Keyboard Controller 11954 10420
2901 4-bit Cascadable Microcontroller 764 A0010
2903 4-bit Cascadable Microcontroller 919 A0030
29203 4-bit Cascadable Microcontroller with BCD Support 1717 A2030
2901 8-bit with 16x8 RAM 946 A0014
29501 8-bit Cascadable Multiport Pipeline Processor 1479 A5010
29501 8-bit with ALU MSB Output 1481 A5011
29501 8-bit with Scan Path to Internal Registers 1530 A5012
29101 16-bit  Microcontroller 2259 A0012
2901 16-bit  with 32x16 RAM 3435 A0015
29117 16-bit  Microcontroller 4391 Al1170
29117 32-bit  Microcontroller 7381 All71
2909 4-bit Microprogram Sequencer (Cascadable to 12 bits) 346 A0090
2911 4-bit Microprogram Sequencer (Cascadable to 12 bits) 347 A0110
2910 12-bit  Microprogram Controller/ Sequencer (5-deep stack) 1182 A0100
2910A 12-bit  Microprogram Controller/Sequencer (9-deep stack) 1557 A0102
2910 16-bit  Microprogram Controller/Sequencer (5-deep stack) 1492 A0101
2904 Status and Shift Control Unit 504 A0040
2914 Vectored Priority Interrupt Controller 653 A0140
2930 4-bit Cascadable Program Control Unit 1014 AQ300
2942 DMA Address Generator, Timer/Counter 904 A0421

(Sheet 1 of 2)
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Table 6.2 (Cont.)
Industry Standard
Microcontrollers
Industry LSI
Standard Part Gate Logic
Number Size Description Count Number
2960 16-bit  Error Detection/Correction Controller 694 A0601
2960 32-bit  Error Detection/Correction Controller 1295 A0602
2960 64-bit  Error Detection/Correction Controller 2379 A0603
2964 64K-bit Dynamic RAM Controller 276 A0640
29368 1M-bits DRAM Controller/Driver 679 A3680
(Sheet 2 of 2)
6.3 Tables 6.3 through 6.12 list elements that implement industry-standard
Arithmetic TTL or ECL arithmetic functions. These megafunctions are available in a
Elements mixture of hard-coded (metal) and soft-coded (netlist format) cells.
Table 6.3
Arithmetic Logic Units
Industry- LSI
Standard Gate Logic
Part Number Size Description Count Number
74181 4-bit Cascadable ALU 125 T1810
100181 4-bit Cascadable ALU with BCD Support 163 B1010
74181 16-bit  ALU using Carry-Lookahead 538 T1811
74181 16-bit  ALU using Carry-Select Adder for A=B output 666 T1814
100181 16-bit  ALU with BCD Support 733 B1020
16-bit  ALU (A=B,A-B,A=1,A-1,A=2,A) 407 B1040
16-bit  ALU (A=B,A-B,A=1,A-1,A) 404 B1050
74181 32-bit  ALU using Carry-Lookahead 1089 T1812
74181 32-bit  ALU using Carry-Select Adder for A=B Output 1339 T1813
74181 32-bit  ALU using Carry-Select Adder with carry-out every 4 bits 1346 T1815
64 System Building Blocks Arithmetic Elements
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Table 6.4 Gate LSI Logic
Adders Size Description Count  Number
2-bit 7482 Binary Full Adder 20 FA2
4-bit Binary Full Adder 50 FA4
4-bit Carry-Lookahead Adder with Carry-out 51 FA4C
4-bit Carry-Lookahead Adder with Group Generate and 63 FA4GP
Propagate
8-bit Carry-Lookahead Adder 121 FA8
16-bit  Carry-Lookahead Adder 277 FA16
16-bit  Carry-Select Adder 287 B0220
16-bit  3-Port Carry-Select Adder 450 B0600
16-bit  3-Port Adder 400 B0601
32-bit  Carry-Select Adder 643 B0230
32-bit  Carry-Select Adder with Carry-out every 4 bits 650 B0231
32-bit  Carry-Lookahead Adder 588 FA32
32-bit  Carry-Lookahead Adder with BCD Support 851 B0232
32-bit  3-Port Carry-Select Adder 904 B0610
32-bit  3-Port Adder with One 12-bit Port MSB-aligned 860 B0611
32-bit  3-Port Adder with One 12-bit Port LSB-aligned 860 B0612
Table 6.5 Gate LSI Logic
Comparators Size  Description Count  Number
4-bit Equality Comparator 15 CMP4
8-bit Equality Comparator 30 CMPS8
4-bit 7485 Magnitude Comparator 42 MB8SS
4-bit Expandable Magnitude Comparator 50 MB85C
16-bit  Magnitude Comparator 162 C2100
32-bit Magnitude Comparator 334 C2200
Table 6.6 Gate LSI Logic
Divider Circuit Size Description Count  Number

16-bit  Divider (16-bit Fraction)/(16-bit Fraction) 1155 B4000

System Building Blocks Arithmetic Elements 6-5
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Table 6.7
Mixed-Mode
Multipliers

Table 6.8
Mixed-Mode
Multiplier
Accumulators
{MACS)

Gate LSI Logic
Size Description Count  Number
6x4 Multiplier 316 B2150
8x6 Multiplier 524 B2090
8x8 Multiplier, 17-bit Result 655 B2001
12x6 Multiplier 771 B2070
12x12 Multiplier 1236 B2013
13x12 Multiplier, Rounding at bit 12 1305 B2120
13x14 Multiplier 1506 B2110
13x18 Multiplier 1874 B2100
16x8 Multiplier 1230 B2060
16x12 Multiplier, 1-stage Pipeline 2159 B2430
16x16 Multiplier 1965 B2023
16x16 Multiplier, Rounding at LSB 15 2742 B2021
16x16 Multiplier, 1-stage Pipeline 2278 B2403
16x16 Multiplier, 1-stage Pipeline, Scan Test 3289 B2400
24x24 Multiplier 5601 B2130
24x24 Multiplier, 1-stage Pipeline 5279 B2410
25x4 Multiplier 1540 B2040
25x16 Multiplier 4740 B2050
32x32 Multiplier, 1-stage Pipeline 7125 B2440
55x56 Multiplier 29140  B2080
Gate LSI Logic

Size Description Count  Number
6x6 MAC, 18-bit Addend 570 B2230
12x8 MAC, 23-bit Addend 981 B2220
13x12 MAC, 27-bit Addend 2536 B2280
16x14 MAC, 35-bit Addend 1837 B2250
16x16 MAC, 32-bit Addend, 34-bit Result 2446 B2210
16x16 MAC, 32-bit Addend, 35-bit Result 2452 B2211
16x16 MAUC, 36-bit Addend 2127 B2212
16x16 MAC, 36-bit Addend, 38-bit Result 2524 B2700
19x16 MAC, 35-bit Addend 2379 B2240
32x8 MAC, 40-bit Addend, 1-stage Pipeline, Scan Test 3550 B2600
32x32 MAC, 65-bit Addend, 1-stage Pipeline 7504 B2710
System Building Blocks Arithmetic Elements
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Table 6.9 Gate  LSI Logic
Two's- Size Description Count Number
f;‘ZZZ ;Zint 8x8 Two’s-Complement Multiplier 584 B2000
10x9 Two’s-Complement Multiplier 8§53 B2190
12x12  Two’s-Complement Multiplier 1224 B2010
12x12  Two’s-Complement Multiplier, 1-stage Pipeline 1355 B2420
16x16  Two’s-Complement Multiplier 2099  B2020
16x16  Two’s-Complement Multiplier, 1-stage Pipeline 2605 B2401
16x16  Two’s-Complement Multiplier, 1-stage Pipeline, CS 2741 B2402
18x18  Two’s-Complement Multiplier 2433 B2030
32x16  Two’s-Complement Multiplier, 1-stage Pipeline 4959 B2460
32x32  Two’s-Complement Multiplier 8532 B2140
32x32  Two’s-Complement Multiplier, 1-stage Pipeline 9363 B2441
Table 6.10 Gate  LSI Logic
Two's-Complement  Size Description Count Number
%“6’2’,’1:%' ors 12x12 2’s-Comp. MAC, 27-bit Addend 1352 B2200
24x24 2’s-Comp. MAC, with Subtracter, Rounding at bit 22 5754 B2260
32x16  2’s-Comp. MAC, 48-bit Addend 4856  B2270
Table 6.11 Gate LSI Logic
Special Purpose Size Description Count Number
Multipliers 8x8 Signed Multiplier 673 B2002
9x9 Signed Multiplier 812 B2180
9x10 Signed Multiplier 905 B2170
12x12  Unsigned Multiplier 1245 B2011
4-bit AsB=C+D 2’s-Complement Multiplier Adder 319 B2800
12-bit A*B=CsD 2’s-Complement Multiplier Adder 2829  B2810
System Building Blocks Arithmetic Elements 6-7
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Table 6.12 Size Description Gates Cell ID
Shifter Circufts 8-bit  Barrel Shifter, Out-of-phase Outputs 71 C1000
8-bit  Barrel Shifter, In-phase Outputs 55 C1001
16-bit  Barrel Shifter, In-phase Outputs 124 C1010
32-bit  Barrel Shifter, Out-of-phase Outputs 291 C1020
32-bit  Arithmetic Shifter, Sign Extend, L/R Shift, 0/1 Fill 442 C1120
(max shift =31)
40-bit  Arithmetic Shifter, Sign Extend (max shift =15) 385 C1100
40-bit  Arithmetic Shifter, Left Shift, 0/1 Fill (max shift =31) 476 C1102
40-bit  Arithmetic Shifter, Sign Extend, L/R Shift, 0/1 Fill 689 C1101
(max shift =31)
64-bit  Arithmetic Shifter, L/R Shift, 0 Fill 957 C1110
6.4 Table 6.13 lists the high-performance CoreWare building blocks that LSI
CoreWare Logic provides for system-on-silicon design implementation.
Microprocessors
They include simulation models with timing information so that designers
can accurately simulate device performance and trade off various imple-
mentation options, and they include test vectors for device verification and
testing.
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Table 6.13

CoreWare Building

Blocks

LSI Logic Number Description Equivalent Gate Count

Microprocessors

CW33000 MIPS Embedded Processor 35K + 32x32 Register File + 5K RAM
CPU Only Version 25K + 32x32 Register Flle

Cw803 SPARC 32-bit RSIC Embedded Processor, 20K + 56x32 Register Flle
56 General Purpose Registers

CwB807 SPARC 32-bit RSIC Embedded Processor, 20K + 120x32 Register Flle

120 General Purpose Registers

Floating-Point Processors

FALU32
FMPY32
FALU32P
FMPY32P
FDIV32P
FALU64
FMPY64

Non-Pipelined 32-bit ALU
Non-Pipelined 32-bit Multiplier
Pipelined 32-bit ALU

Pipelined 32-bit Multiplier
Pipelined 32-bit Divider
Non-Pipelined 64-bit ALU
Non-Pipelined 64-bit Multiplier

Image Compression

CwW702

Error Correction

CW7100

JPEG Image Compression Engine

Reed-Solomon CODECs

High-Bandwidth Interconnect

CW1596

Scalable Coherent Interfaces (SCI)

8K
gK
14K
9K
145K
20K
23K

23K

Dependent on Symbol Size and Redundancy

70K

System Building Blocks
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