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INTRODU CT ION (804)

INTRGDUCTION

This design manual provides a summary of the AMCC
(Appl ied Micro Circuits Corporation) Q5000 Series Bipolar
Logic Arrays. Volume 1 is composed of the following
sections:

® Section 1: Introduction

e Section 2: Design Methodology

® Section 3: Timing Analysis

® Section 4: External t

e Section 5: Power/Packgging

e Section 6: Macro Library Documentation

e Section 6-1: TTL Interface

® Section 6-2: TTLMIX Interface

® Section 6-3: ECL Interface

® Section 6-4: Internal Logic Macros
e Section 6-5: Speclal Macros

Section 7: Quicksheets
Section 8: Index

It also includes information on:

e Product features

e Performance specifications

e Design Interface and support
and contains a listing of the macros currently available.
The AMCC Packaging Brochure should alsc be referenced for
further information on packaging.

The Q5000 Series supports the following arrays:

TABLE 1-1
SUPPORTED ARRAYS
e Q5000T
e Q3500T
e QM1600T
e Ql300T

1-3
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Volume 1 of this design manual is intended as a
gelf-contained design aid to allow the proper selection
of an array for a particular design, to indicate the
packaging available for that array, and to provide the
designer with a better understanding of the capabilitiesg
of the (5000 Series Bipolar Logic Arrays.

Section 2 contains design rules specific to this array
serles. RAM macro usage, interconnect rules and testing
requirements are included in this section.

The macro summary and detailed macro specifications are
presented in reference manual format in Section 6 with g
rapid graphic reference provided via quicksheets in
Bection 7. Either a macro-conversion of an existing
design, or the direct design of a circuit can be
impl emented using the available macros.

Volume 2 of this design manual is composed of the
following sections:

¢ Section 1: Introduction
® Section 2: EWS-Specific Design Methodology
e Bection 3: EWS Bchematic Rules and Conventions
¢ Section 4: Vector Bubmisslon Rules
and Guidelines
# Section 5: Design Validation
® Section 6: Design Submjission
e Section 7: MacroMatrix™ Installation
® Section 8: MacroMatrix User's Guide
8 Bection 9: AMCC Glossary
® Section 10: Index

Volume 2, Section 2 of this design manual contains the
Englneering-workstation (EWS) design methodology,
covering both the EWS-specific operations and the AMCC
MacroMatrix support software.
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Section 8 contains the MacroMatrix User's Guide which
details the Engineering Rules Check {AMCCERC, a.k.a.,
ERC) software checks and error messages and probable
causeg, It also includes the Vector Rules Check
{ABMCCVRC) user's guide. Section 9 contalns the
MacroMatrix Installation and Operations manual, which
summarizes the EWS-speclific commands required for
operation of the AMCC support software.

The Design Validation document in Section 5 detalls the
engineering rules checks that must be reviewed prior to
design submission. It is the basic outline of the design
review AMCC performs prior to clrcuit acceptance. Fill in
or check off items as indicated and submit the entire
document as part of the design submission package.
Additional coples can be obtalned from AMCC.

The Design Submission Document in Section 6 is to be
completed and submitted along with the design submission
package, Additional coples can be obtained from AMCC.

The following trademarks are recognized by AMCC
throughout this design manual:

COPTR - General Electric Co.
LOGICIAN ~ Daisy Systems Corp.
GATEMASTER - Dalsy Systems Corp.
Mentor Graphics

MacroMatrix - AMCC

Valid Logic

1-5
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Q5000 SERIES DESCRIPTION

The AMCC (5000 Series Logic Arrays provide an optimized
approach to bipolar semi-custom applications. High-speegd
ECL logic, mixed-mode I/0 and proven relilability are
combined with an advanced, interactive CAD design
approach to provide a quick and cost-effective solution
to discrete IC replacement. Manufacturing advantages
gained from the use of the AMCC logic arrays include:

® Increased circuit density
Increased system gpeed
Reduced power
Higher reliability
Lower system cost
Operation over both rhilitary and
cofnmercial temperature ranges

The AMCC Q5000 Series Logic Arrays Macro Library isg
supported on the Dalsy, Mentor Graphice and valid Logic
Systems EWS. The designer can use any of these systems
in conjunction with AMCC's MacroMatrix software package
to perform schematic capture, Engineering Rules Checking
(AMCCERC) , simulation, automatic test pattern formatting
(AMCCSIMFMT), AMCCVRC rules checking, Front-Annotation
and Back-Annctation.

The Q5000 Series arrays are bipolar arrays. They use an
internal ECL core and have the ability to externally
interface to elther Schottky TTL, ECL 10K or ECL 100K.
ECL 10K or ECL 100K may be standard-reference or +5V
reference ECL.

1-6
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As an added feature, the Q5000 Series provides the
ability to mix ECL 10K and TTL or ECL 100K and TTL on the
same array. FECL 10K and ECL 100K outputs are also
allowed on the same array, regardless of the ECL type
used for input. For other combinations, please contact
AMCC Marketing.

All of the interface options are realized through the
cholce of appropriate macros, and are personalized with
metal masks only.

AMCC macros use serles gating techniques to provide both
density and speed improvements over gate-orlented
designs. Three-level serles gating 1s allowed on the
Q5000 Series arrays providing density and performance
advantages over two-level series gating.

BMCC describes the density of 1ts logic arrays in terme
of equivalent gates (2-input NOR gates), which are a
function of the density of the available macros and the
number of cells avallable in any glven array. The
density of the Q5000 Series is described below.

TABLE 1-2
ARRAY DENSITY
Array Equivalent Gates
Q5000T 5000
Q3500T 3500
QM1600T 1600 plus 1280 bits of RAM
Ql300T 1300

For any given application, the actual functions required
in a design determine the equivalent gate density. The
efficiency of the array design, however, depends on the
macros gelected and the number of cells utilized.
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The arrays in the Q5000 Series share a common macro
function library which contains a wide selection of fully
characterized loglic functions varying from 8BI to MSI
densities. The higher functionality macros have corres-
pendingly higher equivalent gate densities,

Examples of the basic logic functions include simple and
complex gates, EXQORs, EXNORS, simple nets, latches,
decoders, MUXs, 4-bit counters, a 4-bit universal
register, buffered input, high-speed ECL input, buffered
and unbuffered output and ECL output macros which contain
logic, buffers and output translation. Many of the
macros provide complementary outputs to support 8ignal
inversion in distortion-sensitive paths.

AMCC loglic arrays are structured to allow the components
spread across several cells to be interconnected into a
eingle high-functionality MSI macro. These hard-wired
MSI macros guarantee consistent and predetermined circuit
performance. AMCC recommends that designers use the
higher functionality MSI macros whenever possible.

Almost all logic and many interface macros in the Q5000
Series macro library have high-speed (H) and low-power
(L) options in addition to the standard (S} option of the
macro. These macro options allow a designer to
selectively program critical paths with high-speed
operation while implementing the remainder of the design
in the standard or low-power option macros.

-
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In addition to the logic function, the QM1600T array
contains 1280 bits of high-speed static RAM. The RAM
word width can be configured using macros offered in a
separate section of the macro library. (S8ee RAM20 and
RAM10 in Section 6.)

TYPICAL APPLICATIONS

Typical applications include high-speed computers,
graphics, communications, test equipment and
instrumentation. Designed to operate in the full
MIL-SPEC temperature and voltage range, the Q5000 Series
also has applications in radar, Ew, avionica, guidance,
flight simulation and other military systems.

FEATURES
A summary of the features of the Q5000 Series includes:

® 5000, 3500 and 1300 equivalent
gate versions

® QM1600T, 1280 bits of RAM with 1600
equivalent gates '

® 2-micron Oxide-Isolated Bipolar washed-emitter
process

1-9
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2-layer metal to customize base array {(Q3500°T,
Q1300T, OM1600T)

3-layer metal on the 050007, with one layer
dedicated to power bus distribution

Rutoroute with up teo 95% logic

cell utilization

Extensive macro library, upwardly compatible with
the 03500 and Q1500 Series librarles

® System—level multiple-cell macros

¢ Speed/power programmable macros
& Schottky TTL, low-power Schottky TTL, ECL 10K

and ECL 100K I/0 compatibility

o Standard-reference ECL or +5V referenced ECL

¢ On-chip translators for mixed mode interface

Both ECL 10K and ECL 100K outputs may appear
on the same array

High internal noise immunity

Multiple power supply options avallable
Unuged celle do not dissipate power

Fully voltage- and temperature-compensated
internal legic

Radiation hard process

Full MIL operating range (-55°C ambient to
+125°C case, +10% power supply}

e Wide selection of packaging
e Supported on engineering workstations:

¢ Daisy ® Valid Logic
® Mentor Graphics

e Supported on TEGAS 5
e Full CAD support, including post-autoroute,

worst-case timing analysis

1-10
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DESIGN INTERFACE AND SUPPORT

The AMCC circuit development interface has been struciured to be highly flexible with respect to the
cuslomer's desired Isvel of involvement. The basic steps are summarized below:

DEVELOPMENT INTERFACE
CUSTOMER | AMCC

Customer canlrrnvide ]

schemalic in MS51/SSI Logic

logic or AMCC macios Dgggn i
Afier fraining. customer | N
can complele macro Lo AMCC can provide
conversion on ogic. MACIO CONVETsian on
engineering workstation Conyargion engineering work-

or by hand station
ggslomer |c:an complete

ogic simulation on AMCC can complete
timasharing or an logic simulation, as an
enrly_lneenng work- oplion, favlt grading can

tation, as an option, be accomplished
{auft grading can be
accomplished

AMCCG reviews

Cuslomer raviews customer’s conversions

AMCC'’s conversion & & simulations and
slmulation and approves
BPPIOVES
Cuslomer | AMCC Designs
reviews AMCC's the Circuil
Back-Annotation [
Results i
N AMCC fabricates
i Fabgcgei;esl proggy AﬁWice-s
on Back-Annpiation
’ Prototypes Approves
Customet approves A ’
rof 3 prove
protolype Protolypes :
| AMCC builds devices
I Production

FIGURE 1-1
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DEVICE ARCHITECTURE

The AMCC loglc arrays are formed from a customer
specified design added to an AMCC pre~processed silicon
base array. The base array for the Q5000T, (3500T and
Ql300T arrays is composed of logic and@ I/O cells. The
QM1600T base array also contains the two 640-bit static
RAM modules.

TABLE 2-1
Q5000 SERIES CELL RESOURCE SUMMARY
Cell Type Quantity
Q5000T Q35007 Q1300T QM1600T
Logic (L) 352 242 84 114
Interface (I1/0) 160 120 76 106
Bits RAM - - - 1280

The basic layout of the arrays is shown in Figure 2-1.
Table 2-1 summarizes the internal cell resources and
Table 2-2 summarizes the I/O resources for the Q5000
logic array series.

Each cell consists of a number of uncommitted traneistors
and resistors, with each cell type designed to support
high-speed requirements. Unused cell sites do not use
any power.
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TABLE 2-2
Q5000 SERIES I/0 AND POWER-GROUND RESOURCES

MODE DESCRIPTION Q5000T Q3500T Q1300T QM1600T

INTERNAL CELLS 352 242 84 114
100% I/0 Cells 160 120 76 106
TTL CORE V+ (+5V) 4 6 4 6
CORE GND {0V} 4 6 4 6
1/0 V+ (+5V) 4 4 4 4
I/0 GND (0V) 12 12 4 12
100% I/0 Cells 160 120 76 106
ECL CORE GND (0V) 4 6 4 6
-5,2V  CORE V- (**) 4 6 4 6
or 1/0 GND (0v) 16 16 8 16
-4.5v
100% 1/0 Cells 160 120 76 106
ECL CORE v+ (+45V) 4 6 4 6
CORE GND (0V) 4 6 4 6
+5VREF I/0 V+ (+5V) 16 16 8 16
MIXED 1/0 Cells 160 120 76 106
ECL/TTL CORE GND (0V) 4 [ 4 6
~5,2V  CORE V- (¥%*) 4 6 4 6
or I/0 V+ (+5v}) 4 4 4 4
-4,5v I/0 GND (OV) 12 12 4 12
MIXED I1/0 cells 160 120 76 106
ECL/TTL CORE V+ (45V) 4 6 4 6
CORE GND (0V) 4 6 4 6
+5VREF I1/0 V+ (+5v) 8 8 4 8
I/0 GND (0V) 8 8 4 8

#%* CORE V-: -5.2V FOR STD-REF ECL 10K
-4.5V FOR STD~REF ECL 100K

The number of fixed power and ground pads for a given I/0
mode and & given array ie displayed on the chip macro for

that array and I/0 mode.

Cell and pad usage iB reported by the population ERC.

2-6
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ARCHITECTURE - CONTINUED

Macros are individually configured by interconnecting the
components within a cell with the first layer metal to
form the customer-selected macro functions. Placement is
performed by a combination of manual and autoplace
routines., Preplacement requests, pln-out requests,
package selection (and the corresponding package-specific
Placement restrictions), macro placement rules and bus
current 1imits are integrated in this process. Manual
pPrepl acement is performed for I/0 macros, MSI macros, and
for critical or distortion sentitive paths.

Placement rules include allowed pads when an array 1is
less than 100% 1/0 utilized and will be placed in one of
the smaller packages, allowed pads for added power and
grounds when the package has internal package planes,
allowed pad pairs for dual cell macroe, 3-state enable
Placement, interspersement of added power and grounds
within the distribution of simul taneously sewitching
outputs and separation of ECL inputs from simul taneously
ewitching outputs. For more details on the placement
tules for a specific array and I/0 mode in a specific
pPackage, consult AMCC.

Customization is performed by adding a 3-layer metal
interconnect for the Q5000T or 2-layer metal interconnect
for the other arrays in the T series, combining the
customer-specified AMCC macros and the base array.

Interconnections between macros (routing) use both the
first and second layers of metal, following specific
fouting tracks. Routlng is performed automatically by
AMCC proprietary CAD software. To allow for a high logic
¢ell utilization and an optimum layout for high-speed

2-9
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logic designs, a liberal allocation of first metal
vertical routing tracks and second metal horizontal
routing tracks have been incorporated into the
architecture of each array.

CELL LOCATIONS

The core of each AMCC array consists of logic cells
organized in a row—column configuration. The L ¢ells are
located in the center of the arrays (see Figure 2-1), and
the I/0 cells around the periphery. For all arrays, ECL-
and TTL~translators and most of the required buffers are
included in the I/0 cells for external interfacing to
both ECL and TTL.

LOGIC MACROS

The L cells are organized to provide high-level logic
functions such as latches, multiplexors, decoders, etc,
Simple and complex gates can also be made frem these
cells. Refer to the macro summary and index (Section 6}
for a list of the macros avallable for the Q5000 Series
Logic Arrays. The library and lts summary sheets are for
use durlng macro conversion or when creating a new design
directly from the avallable functions.

MSI MACROS - HIERARCHICAL MACROGS

The macro summary in Section 6 specifies the cell type
and cell utilizatlion for each macro listed. MSI macro
listings specify the number of cells required to support
the macro. MSI macros are hierarchical, multiple-cell
macros. They increase design density (eguivalent gate
count) by as much as 40% over designs constructed solely
from the more basic macroe, whille reducing design
partitioning and macro-conversion efforts.

2-10
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The MBI approach also may result in lower power or higher
speed than i1s obtainable with the equivalent basic macro
designs.

CHARACTERIZING THE ARRAY - THE CHIP MACROS

The AMCC EWS schematic convention for the sepecification
of the array and its I/0 mode, power supply, product
grade, and circuilt identification {(MILitary or
COMmercial) ie through the use of a CHIP MACRO. Refer to

EHS Schematic Rules and Guidelines (Section 3 in Volume

IT) for placement and hook-up procedures,

The chip macros each carry the pads designated for use by
the fixed power (V..) and ground (Vgg) pins required for
that particular array and the specified I/0 mode. Any
bower and ground pins added by the user are in addition
to the fixed power and ground requirements. Signals
cannot be placed on the pads designated as being fixed
power or ground pads.

1/0 CAPABILITY

The interface to the arrays 1s accomplished in the
input/output cells on the Q5000 Series Logic Arrays.
Each individual I/0 cell 1is confiqurable to be elther
TTL, ECL 10K or ECL 100K. The 3-state enable-drivers,
both externally driven and internally driven, are alsoc
Placed on 1/0 cells.

The array itself can be configured to be 100% TTL, 100%
ECL 10K, 100% ECL 100K, TTL/ECL 10K or TTL/ECL 100k, with
elther gual power supplies or a single +5V supply
available for either the 1008 ECL or mixed mode I/O
circuitg, (See Table 2-4.)

2-11
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TABLE 2-3
FPOWER/GROUND PAD ASSIGNMENT -
.............................................. (
TTL TTL ECL INT INT
o . Vec SN0 Vec  Vee Ve .
100% TTL +5Vv ov ov +5V ov
100% ECL ov ov ov 0V =5,2V¥%
TTL/ECL +5V oy ov 0V =5.2Vw%w
TTL/+5V ECL +5V ov +5V +5Vv ov
** or ~4.5V for ECL 100K
TABLE 2-4
POWER SUPPLY OPTIONS
SINGLE POWER SUPPLY | DUAL POWER SUPPLY
+5V  -5.2V  -4.5V | +5V/-5.2V +5V/-4,5v 4
—————————————————————————————————————————————————————— \
100% TTL, . - - { - l -
—————————————————————————————————————————————————————— l
100% ECL 10K ] . . ! - | -
—————————————————————————————————————————————————————— I
100% ECL 100K . . M | - ! -
______________________________________________________ |
ECL 10K/TTL ) - - | . | .
______________________________________________________ !
ECL 100K/TTL [ ) - - | * ] ®

Note:; there are placement restrictions when mixing ECL
10K and ECL 100K on a single array. If you are doing
preplacement, consult AMCC,
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NOISE CONTROL

In an ABIC array, output buffers with a high capacitive
load have a slower transition and longer-lasting
transients which can cause an interface bus translent to
be reflected into the internal busses. For thils reason,
in the larger aMcc arrays, the power busses supporting
the internal array are isolated from the busses
supporting the peripheral 1I/0 cells. The threshold and
reference voltage generators for the logic array and I/0
cells are also independent to insure noise immunity.

In the Q1300T, the ECL VCC and the TTL, GND busses are
tied together on the array for all standard reference I/0
modes. For +5V reference ECL modes, the ECL VCC and the
TTL VCC busses are tied together. For all other arrays,
the busses are internally separate.

The problem of interface bus nolse due to one macro
switching is magnified when there are many output macros
switching. To minimize this problem, there is a limit of
the number of gimul taneously switching output macros that
can be placed in an array quadrant given the use of the
fixed power and ground pads. When it 1s necessary to
exceed this number, there are macros available to provide
extra TTL power (ITPWR), TTL ground (ITGND), and ECL
Power or ground (IEVCC).

The identification of simultaneously switching macros or

groups of macros and the use of sufficlent added power
and grounds for the individual groups is required.

2-13
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ADDING EXTRA TTL VCC = TTL GROUND PAIRS
(ITPWR-ITGND)

As a _design guideline for 100% TTL circuits and for mixed
mode ECL/TTL circuits, the designer should allocate 3
minimum of one additional TTL VCC pad and one TTL GROUND
pad to any quadrant of the chip that has more than eight
{8} simultaneously switching TTL outputs. An additional
pair 18 required for each additional eight (8)
simul taneously switching outputs in that same quadrant,
{S8ee Table 2-5.)

TTL outpute are considered to switch simultaneously 1f
they switch within 3ns of sach other.

ADDING EXTRA ECL IO vCC
(IEvVCC)

RAg a design guideline for any standard reference or +5y
reference ECL circult, the designer should allocate a
minimum of one additional ECL VCC pad to any quadrant of
the chip that has more than eight (8) simul taneously
switching ECL outputs. An additional ECL VCC (IEVCC) ig
required for each additional eight simul taneously
switching ECL outputs in that same quadrant. (See Table
2-5.)

ECL outputs are considered to switch simul taneously if
they switch within 2ns of each other.

2-14
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TABLE 2-5
ADDITIONAL POWER/GROUND
Q5000 SERIES

# OF SIMULTANEOUSLY ADD TTL VCc ~ TTL GROUND
SWITCHING TTL OUTPUTS ’ ’
PER QUADRANT ADDED ITPWR - ITGND PAIRS
0- 8 0
9 - 16 1 ( 2 pins)
17 - 24 2 { 4 pins)
25 - 30w ’ 3 ( 6 pins)

4 OF SIMULTANEOUSLY
SWITCHING ECL OQUTPUTS

PER QUADRANT ADDED IEVCC
1- 8 0 o
9 - 16 1 (1pin)
17 - 24 2 ( 2 pins)
25 - 30% 3 { 3 pins)

* There is a MAXIMUM of 40 I/0 cells per quadrant in the
Q5000T array. A maximum limit of 30 cells per quadrant
may be used as outputs for this array. For the other
arrays in the series, the number of cells per quadrant is
less than 30 and there are no restrictions of the use of
those cells.

Added ground pins must be interspersed with the
simul taneously switching signals. For the Q5000T array,
added power and ground pads must be pads that can bond'to
a8 package place. This requirement 1s not considered
restrictive. Placement reguirements for added power and
ground pads are package-specific. If you are doing
placement, consult AMCC. ' '

2-15



DESIGN METHODOLOGY (6804)

SPECIFYING ADDITIONAL POWER AND GROUND

When additional power and ground pads are desired on an
array, the power macros, ITPWR or IEVCC, and the ground
macros, IEVCC or ITGND, are placed on the schematic in
the quantity desired. (Place on the same page as the
chip macro.) IEVCC will be considered a power pad for
+5V REF ECL circuits and a GROUND pad for STD REF ECL
circuits.

The added power and ground macros each occupy one I/0
cell and use its pad.

The AMCC MacroMatrix Population ERC check will correctly
reflect the cell count and the array pad count resulting
from the use of these macros. Inclusion of the
requirements for extra power and ground is part of the
required design submission documentation.

When the added power and ground is for simultaneocusly
ewltching circuits, use the macro parameter SWGROUP to
tag these macros to the group to which they belong. The
ERCs cannot issue error or warning messages on
insufficient power or ground if the parameter ie not
uged.

‘'he population ERC will report the number of array PADS
used by a circult (currently labeled as External Pins);
the sum of all fixed power and grounds; all added power
and ground; and all interface signals.

—
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FIGURE 2-2
POWER and GROUND MACROS

+3VREF ECL SYSTEM

TS ST T @TD REF ECL SYSTEM

PURRBR
EMbTee
TABLE 2-6

EXTERNAL PADS

FIXED SIGNAL TOTAL |
ARRAY  POWER~GROCUND 1/0 EXTERNAL

PADS PADS  PADS I
Q5000T ] 24 160 la4 |
Q3asooT I 28 120 148 |
QMl1é600T | 28 106 134 |
01300T | 16 76 92 |

INTERFACE GUIDELINES

A summary of the interface guidelines for the four I/0
modes of operation are shown in Figure 2-2, Most of the
I/0 macros for the Q5000 Serles include buffer functions,
to simplify I/0 selection. The designer should review
the 1/0 options to determine where these optlons would
enhance the circuit efficlency.

The AMCC MacroMatrix ERC technology ERC report will list
errors due to improper selection of macros based on the
I/0 mode selected via the chip macro.
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MACRO SUMMARY

The macro summary in Bection 6 1s divided into five
segments; TTL, TTLMIX, ECL, Internal Logic and Special
macros. For +5V only circults, the TTL macros are
selected from the TTL section, Section 6-1. For dual
power supply circults, the TTL macros are selected from
the TTLMIX section, Bection 6-2. The ECL macrog are
selected from the ECL section, Section 6-3. The same ECL
macros are avallable for use with standard reference
voltage or for +5V reference voltage circuits.

TTL INPUT (ITxx macros)

Q5000 Beries TTL input macros contain input buffers, TTL
level detection is performed in this input macro. For
clrcuits with a single +5V power supply, the buffer
provides the signal buffering required to drive internal
circuits. For dual power supply circuits, the buffer
also provides signal translation from TTL input levels to
the internal signal level needed by the array, which
operates with a negative power supply.

Note: TTL inputs that invert such as IT1l must be driven
from a totem-pole source or from a voltage with VH 2 Voo
- 0.5V, This restriction does not apply to TTL MIX
macros.

TTL OUTPUT (0Txx macrosa)

The Q5000 Beries arrays provide 20mA current sink, 1ma
current source capabllity. The TTL output ig
differentially driven by buffered loglc that is part of
the TTL output macro.

'
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The Q5000 Series arrays handle TTL totem-pole,
open-collector and 3-stated output options. The 3-state
output macro enable pin must be driven by a 3-state
enabl e-driver and the signal driving the pin must be
named on the schematic and must be listed in the
simulation signal format.

BIDIRECTIONAL TTL {(UTxX macros)

The 05000 Series I/0 cell supports bidirectional 1I1/0.
The input and output functions follow the same design
methodology as the ITxx and OTxx macros. A three-state
enable driver is required to drive the enable. The
signal driving the enable must be named on the achematic
and must be listed in the simulation signal format.

FIGURE 2-4
BIDIRECTIONAL TTL 1/0

Note the use of the bidirectional connector
(this 1s the DAISY EWS version). Each EWS has
a specific connector for bidirectional I/0 and
it must be used. Note the name on the wire
connected to the EN pin. TIts use is required.

1
1
! BIDIOUT

ENABLE ' FPoD [THREE
STATE |¥ &

DRIYER pap |

HANE THE EHABRLE SIGHAL Loeee - 1UT8
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ECL INPUT (IExx macros)

For ECL input, the output of the RC compensation network
provided by the input portion of the macro 1s buffered by
elther a buffer on the input macro or by the BIxx ECL
input buffered logic macros. ECL inputs function in the
same manner cn circults which have +5V referenced ECL
input with a single +5V power supply.

For ECL input operation at 160MHz and above, differential
ECL input macros are strongly recommended. For ECL
operation at 240Miz and above, differential ECL inputg
are required. ECL differential inputs are also required
when the signal source 18 remote from the array.

There are a number of different macrog and macro-pairs
that may be used for ECL differential input. Table 2-7
provides a list of the macros that are avallable and the
frequency limit for that macro. When a pair of macros is
used to form a differential pair, the macroa must bhe
placed adjacent to each other.

TABLE 2-7a
DIFFERENTIAL ECL INPUT MACRO SELECTION
HACRO/MACRO PAIR HHz LIMIT

IE90 with IE85 £ 120 <--| placement
IE88D with IEB9D X 180 <-~| restrictionsg
IE25 dual cell £ 360

IE27D dual cell * £ 360

IE28D dual cell * < 360

IES9V dual cell £ 600

* gome macros listed may not yet be released
for the Q5000 Series Library - consult AMCC
if you need them.

2-24
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DIFFERENTIAL THFUT

UP TO 188MHZ

DIFFERENTIAL IHWPUT

pe—e_——_— = m_———— b |
! pap [E7E !
) 1
S G
: va| an }
e e = w| ®] __1£6390,
{———~~=~° 1
i pap [EE] |
v %
D—1 |
] |
1__ _ _IE83 |

NOT HELL PALANCED FOR IES9D PAIRING

DIFFERENTIAL ECL INPUT
FIGURE 2-5
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DIFFERENTIAL INPUT - UP TO €00 HHx COMMERCIAL
UP TO 438 MHz BILITARY

FIGURE 2-5 continued
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ECL OUTPUT (OExx, OKxx macros)

All_ECL outputs reguire a buffer, and the buffer is
included in the output macro. The 05000 ECL output
buffers drive 50 ohm or 25 ohm ECL outputs. The 25 ohm
ECL output macros are not released. They are dual-cell
output macros. <Consult BMCC If you require 25 ohm

terminations.

ECL output macros are grouped by logic function in
Section 6. A specific version of the macro {OExx or
OFxx) is selected based on ECL type. (See Table 2-8.)

For ECL output operation at 100MEz and above, pul se
distortion minimization methods should be used. These
include: 1)signal inversion on alternating macros; 2)
short interconnect, a function of fan-out, wire-OR and
metal length; and 3) balanced rising-edge and
falling~edge k-factors.

As with ECL input, differential ECL output requirements
depend on the chip environment as well as the opetrating
frequency. For operating frequencies of 180MHz and
higher, use OE10, a dual-cell ECL differential ocutput.
For lower speeds, when differential outputs are required,
the OEBO or other OExx macro palrs may be used. The
macros acting as a differential pair must be adjacent on
the chip layout. Refer to Table 2-7b.
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DIFFERENTIAL QUTPUT

HARDER TO BALANCE HETAL LOADIMS

_ fTe2 |

UP TO 438MHz HILITARY

UP TO 30@HHz UP TO §BBHHz COMMERCIAL
————————— L] —— —— o wm wm mm - £
r | r |
paD1 ] /€| paDl,
1
40| !
AN ]
\ \ 9 E7E| PaDZI
1 !
| 1 1
1 1
e e OE19 e e m e m = DE9ZV,
PRIVE BY AHY SIGHAL DIFFERENTIALLY DRIVE

FROM ANOTHER ¥ HAGRO

FIGURE 2-6 ECL OUTPUT
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. TABLE 2-7b
( N DIFFERENTIAL ECL OQUTPUT MACRO SELECTION
/D s msvc e e e e e ———— -
MACRO/MACRO PAIR MHz LIMIT
OExx (any palr) £ 180 <~-| placement
OELI0 dual cell £ 360 <--| restrictions
OE97V dual cell £ 600

For non-v macros, the minimum swing across differential
inputs is 250mv. The minimum swing across the outputs is
defined on the data sheet. The maximum input voltage is

Voc = 0.5V, The maximum output voltage is defined on the
data sheet.

For the Vv macros, for commerclal operation with T. <
130°%C, the output swings are shown below:

TABLE 2-7¢
V MACRO DIFFERENTIAL OUTPUTS
MINIMUM
FREQUENCY OUTPUT SWING
MHz mnv
600 200
500 250
. 400 300
300 150
s v
Delta V, MIN 250 200
Vé MAX vCcC-0.5 VCC-0.5
palta VoaeHIN (1) (2)
V ot MAX (1)

(1) see data sheet
(2) listed above in Table 2-7¢

) For V macro inputs, a differential 200mvV swing is
) required.
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TABLE 2-8
ECL MACRO 10K/100K SELECTION

Q5000 Berles ECL 10K ECL 100K I
45V REF GND REF | +5V REF GND REF |
I

INFUTS IExx [ IEXX IEXx | IEXX |
OUTPUTS OExx | OExx CExx | ORxx |
Bi-direc. UEXx [ UEXx UKxx | UKxx I

BIDIRECTIONAL ECL (UExx, UKXx macros)

The Q5000 Serlies I/0 cell supports bidirectional ECL I/0.
The input and cutput functions follow the same design
methodology as the IExx and OExx/0Kxx macros. Unlike
TTL, where the 3-state enable driver 1is required to drive
the enable, the enable on the bidirecticnal ECL macros
may be driven by any internal logic signal. The signal
driving the enable must be named on the schematic ang
must be listed in the simulation signal format.

2-30
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+5Y REFERENCED ECL/TTL

AMCC offers the option of having ECL 10K or ECL 100K
available with the use of a single +5V power supply. The
ECL logic threshold levels are shifted, but retain their
high-speed characteristicas. This +5V referenced ECL mode
allows the partitioning of a high-speed TTL design into
multiple AMCC devices using a single +5V supply, while
providing high-speed ECL I/0 between the arrays op_the

Bame PC board and full system TTL compatibility.
UNBUFFERED ECL INPUT

Belected unbuffered ECL input macros have a- fan-out of
elght (8) and the distinction that there is no
bropagation delay penalty for the fan-out load (the
k-factor of the output pin is zero). However, input
This input capacitance will be seen by the external
clrcuit driving the package pin connected to the
unbuffered ECL input.
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ALTERNATIVE ECL TERMINATIONS

The standard ECL termination is 50ohms tied to Vypqr where

VTT = -2.0V for standard reference ECL. An alternative
termination is 80ohms to ground with 130 ohms to VEE
where VEE = <5,2V. For other termination configurations,

consult AMCC,
SIGNAL BALANCING3 DISTORTION MINIMIZATION

The case where two paths are required to be identical 1n
performance is common. The best results are obtained
when the macros are identical macros (identical k~factorg
implied), are identically loaded, including identical
wire loads for metal 1 and metal 2, and are placed in the
same quadrant and close together in that quadrant.

Bince placement cannot be assumed to be able to solve all
problems in all cases, the judicious use of parallel
structures (such as buffer trees) to reduce loading in a
path, avoldance of wire-ORs in these paths, and the use
of pulse distortion minimization techniques, euch as
inversion of the signal at each macro, will help.

2-32
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VERY FAST Vv MACROS

A speclal class of ECL input, ECL output and internal
logic macros exist in the (B04) release known as the V
macros or "Very Fast Macros™. These macros are specified
with a maximum frequency of operation of 600MHz. There
are certaln design rules which must be followed when they
are used in a design.

1. The outputs of all V macros are differential and must
drive a differential input pair. In most cases this will
be another V macro.

2. To convert from a V macro inte non-V macro logic a Vv
macro may drive either a GT64 or a GT66, differential
input macros that can in turn drive any non-V macro 1in
the library.

3. To convert from a non-V-macro into a V-macro use GT67V
which provides the proper differential output., GT67V
cannot drive a non-V macro.

4. The outputs of V macros are ECL differential one-half
range swing. For internal outputs the swing is 250mV,
For primary outputs, refer to Table 2-7¢. This class of
output is marked with an "#*",

5. The outputs of the V macros cannot be powered-down.
If an output i1s terminated, the AMCC ERC software will
compute power-down and will not flag an error at this
time. [MANUAL CHECK)
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6. The outputs of V macros cannot be wire-ORed. This
will be detected by the AMCC ERC software.

7. Al1 V macro inpute are differentially driven,
Internal macro inputs must be driven by other V macros.

8. The number of V macros that can be placed on an array
is subject to the same maximum internal current and
population checks as other macros. There are no special
restrictions.

9, Placement restrictions for V macro inputs and outputs
are the same as for other dual-cell, dual pad input and
output macros. There are no unique placement
restrictions for internal V macros.

10. As a guldeline, keep interface V macros near a ground
or add one. This is not required.

11. There are no AC tests for V macros at this time.

2-34
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INTERNAL FAN-QUT

Each internal macro output pin is specified to drive a
maximum fan-out load. Maximum fan-out limits are
gpecified in the macre documentation in Section 6. A
Summary of fan-out capabilities is shown in Table 2-9.

TABLE 2-9
FAN=-QUT SUMMARY
MACRO TYPE, OPTION MAXTMUM FAN-OUT LIMIT
Input macros, unbuffered TTI, 1
Input macros, unbuffered ECL B
Input macros, buffered, S-, H-option 9
Very PFast Input V macros 9
Input macros, buffered, L-option 4
Loglic macros, L-option 4
Logic macros, S-option or H-option 9
Very Fast Loglc V macros 9
3~-state enable-drivers B
High fan-out drivers 15
Super Drivers 25

INTERNAL FAN-IN

Unless otherwise identifiled by an "*" on the input pin,
any internal macro input represents one electrical load

and any output macro input pin represents one electrical
load.

Where the graphic may lead to confusion by showling
connections to indicate two loads when there ig one or by
showing ore load when the load is greater than one, the
input pin is tagged with an "*" and a comment added to
the macro description in Section 6.
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DERATING FAN-QUT LIMITS

For clock or distortion-sensitive paths, at speeds up to
160MHz, the maximum fan-out for each macrd output pin in
the path must be derated by 20%. For clock pathe at
gpeeds equal to or greater than l160MHz, the maximum
fan-out should be derated by 40%. For loglc macros
driving unbuffered TTL output macros, the maximum fan-out
must be derated by 20%.

Macros with a k-factor of zero are not derated nor are
3-state enable drivers. Buper-drivers, those high-fan-out
drivers with a fan-out load limit of 25 lcads, are not
derated, regardless of the system operating speed, vV
macrog are simllar to drivers and are not derated.

Fan-cut load limits are checked by the AMCC MacroMatrix
ERC software. To allow derated fan-out load limit
checking, use the FOD parameter on the net and assign the
derating value (20, 40, etc.) as 1ts value.

TABLE 2-10
DERATING GUIDELINE

CPERATING SPEED: DERATE BY: FOD VALUE

<160MHz 20% 20

2160MHz2 40% 40

S :; vH1BR1

Ty x |H16H } >
l—o—c o VLoeet

I Loup——+————

1 1

Lo---- 61870 BEE SECTIOH 6, MACRO GT&7D

GTSTAD

FIGURE 2-7 STATIC DRIVER
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INTERNAL FAN=-OUT = STATIC SIGNALS

In cases where it is desired to tlie a macro input pin teo
"1" or to "0", the procedure is as follows:

To tie an unused macro input pin LO4 {(to "07):

® For macro input pins that may be grounded, tie to
global ground (allow to "float")

® For macro ping with hook-up restrictions (MUST BE
DRIVEN pins) tie to either an availlable L-option or
S-option "OR" gate {inputs grounded) or toc the static low
signal provided by the static driver macro, GT87. The
locad 1imit for an L-option macro is 4 loads, the load
limit for an S-option macro 1s 9 loads and the load limit
for GT87 static low 1s 32 static loade. Name a static
low signal VLOxxx.

To tle an unused macro input pin HIGH {(to "1"):

® For any pln that must be driven to "1", tie to
elther an avallable L-option or S-option "NOR"™ gate
{inputs grounded) or to the static high signal provided
by the gtatic driver macro, GT87. The load 1imit for an
L-option macro is 4 loads, the load limit for an B-option
macro 1s 9 loads and the load limit for GTB7 static high
is 32 static loads. Name a static high signal VHIxxx.

AMCC MacroMatrix ERC reporte on hook-up, unused pins and

Pin clase will 1ist errors due to improper connections
including improper grounding of unused input pins.
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WIRE-ORS

Macros may only be wire-ORed with the component macros
WIREOR2, WIREOR3 and WIREOR4., No wire-OR can have more
than four (4) inputs. Wire-ORs may not be cascaded (one
wire-OR feeding into another). EWS parametrlc wire-ORs
are NOT allowed.

The outputs of most of the Q5000 Serles macros may be
wire-ORed. Macros that CANNOT be wire-ORed are: macros
whoese fan-out limit is one (1); unbuffered input macros
such as IE85; high fan-out drivers:; super-drivers; and
3-gtate enable~drivers; some latches (marked with an *),;
some flip/flope (marked with an *); all V macros; and
some MSI macro outputs.

Individual macro ocutput restrictions can override a
general rule, and all restrictions are documented in
Section 6.

Wire-ORing two macros together does not Increase their
fan-out capability, since all but one cutput emitter-
follower current source will be powered-down. When a mix
of H-option, L-option and S-option macros appears in a
wire-OR, the fan-out load limit and all other loading
parameters will follow the rules for the highest drive
macro {i.e., the H~option macro will be considered to be

the driving macro). — AIN
BIN L Hout

HIRECR4

[
FIGURE 2-8 WIRE-OR4
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THERMAL DIODE MACROS

There are three thermal dlode macros: GTY99, IEB6 and
OEB7. The macros are used in a core approach, shown in
Figure 2-9, or in an 1/0 approach, shown in Figure 2-10.

The IE86 macro consists of four thermal dlodes of varying
sizes, The PAD 1s tied to the annodes of all four of
these diodes. The desired thermal diode is selected by
the output connection. Three of the outputs will be
teminated.

TABLE 2-11
THERMAL DIODE CONNECTION VALUES
QUTRUT | DIODE

Q3500 SERIES | 05000 SERIES
Y0 Iminimum sized transiator =X
(typical of dore array devices)

¥l | 3.5x ! 4x
Y2 | 8x | 9.5x
Y3 | 15.5x i 17.5x

The output selected on the IEB6 should be tied to the
input of an OE87.

PLACEMENT: This macro pair (IEB6, OE87) should be pl aced
¢lose to each other with no more than 3 1/0 macros/cells

pPlaced between them.

The GT99 is a core macro and consists of a minimum sized
transistor. Connect this macro with two OE87 macros.
The base is tied to the collector (B to C) to form the
annode. The emitter (E) becomes the cathode of the
diode.

PLACEMENT: The GT99 macro can be placed anywhere in the
core of the array without restriction. fThe OE87 macros
should be as close as possible to the GT99.
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The common use for these diodes 1s AC/DC characterization
of NREs over transistor junction temperature. 1In
addition, by placing several of these diodes in the I/0
and the core, thermal gradients across the chip can be
determined.

The following procedure should be followed to charac-
terize thermal diodes over junction temperature:

® Check that all power supplies are turned off.
Place the packaged part in the test fixture.
Attach a thermocouple to the top center of
the package.
® Apply a known DC current (I1l) from the annode
to the cathode.

® Apply temperature (Tj) to the package and walt
for the part to reach thermal equilibrium.
Measure Vbe across the diode.
Repeat the last two steps for at least 5 temp-
eratures. The Vbe will decrease linearly
with increasing temperature.
® Determine the value for k in the equation:

Vbe = Vbe0 - K * Tj

where:
Vbeld = Vbe at 0 deqrees Celsius
K = constant
Tj = junction temperature in degrees Celsius

For maximum thermal characterization accuracy, this
Procedure should be repeated on every part to be charac-
terized.

Once this procedure has been carried out on a part,
characterization over junction temperature may be
performed. This is done by applying the same current Il
through the junction diode, applying power to the part,
and then measuring vbe across the diode. Plug this Vbe
value into the above equation and solve for the junction
temperature Tj.
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INTERNAL CELL UTILIZATION

To insure routability, the recommended maximum internal
cell utilization (cell populaticn) for arrays in the
Q5000 Series is 95%., Starting designs should target a
75% internal cell utilization to allow for the typical
20% design expansion during debug, re-design,
enhancement, and testing logic additions. Designs in
excess of 95% internal cell utilization for these arrays
are consldered risgky if their internal pin count exceeds
recommended limits.

Compute internal cell utilization by firast summing the
number of L cells used by the circuit, and then by
dividing that sum by the number of L cells avallable for
the particular array.

AMCC MacroMatrix ERC software computes the internal cell
util ization. ’

TABLE 2-12
MAXIMUM INTERNAL CELL UTILIZATION

L CELLS

ARRAY %

Q5000T 95

Q3sooT 95

Q13007 95

QMleooT 95

e o e e e e e B

2-42

-



/-—\.‘
—

DESIGN METBODOLOGY (804}

INTERNAL PIN COUNT

The internal pin count is a measure of the routabllity of
a circult for a given array.

® Prior to schematic capture, the internal routable pin
Ccount ghould be estimated and used to determine the arrcay
required. 1In this case, refer to the ESTIMATED limits in
Table 2-13.

® After capture, the AMCC MacroMatrix ERC software
Provides a detalled report on the internal pin count of
the circuit. For a captured circult, refer to the ACTUAL
limits in Table 2-13.

TABLE 2-13
MAXIMUM INTERNAL PIN COUNT
1/0 AND L CELLS

- - e e o e e e e

ARRAY ACTU AL ESTIMATED *
Qs5000T 3572 3393
Q35007 2470 2346
Ql300T 906 860
QM1600T 1200 1140

e e e e e e e B o o

* Estimated = 0.95 * actual
Actual = ({(# L cells) * 10
+ (# I/0 cella) * 1,5 ) * 0,95
Egtimated assumes expansion as the
design 1ls completed
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o A circult with an actual iInternal pin count that is
less than the limit is routable.

e A circuit with an actual pin count that is 1-10% over
the limit is considered risky (may have problems).

@ A circult with an actual pin count of 11-18% over the
limit 18 considered very risky and may not successfully
route,

¢ A circuit with an actual pin count of 18% or more over
the limit is considered unroutable and a redeeign or
repartitioning is required if a larger array cannot be
used.

Q5000 SERIES BASIC DESIGN RULES AND GUIDELINES

Once the macros have been selected, and the basic circuit
defined, the deslgner should review the clrcult prior to
submission to AMCC to verify that basic design rules have
not beenh violated. BSome of these rulea and design checks
are listed below.

Guidelines are suggestions to help ensure first-deaign
success; rules are design requirements that cannot be
violated. For further information, refer to the Desian
Submission and Design Validatlon documents, Bection 6 and
Section 5 of Volume II of this deaign manual.
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® Fan-out - no macro drives more than its rating.
Unbuffered input macros are limited to one load.
Output buffers are limited to one load.

TABLE 2-14
FAN-OUT SUMMARY

Input macros, buffered H-, 8-option
Input macros, unbuffered TTL

Input macros, unbuffered ECL

Input macros, 3-state enable-drivers
Loglc macros, H~ and S-options

Logi¢ macros, L-option

Very Fast V Macros, loglc or input
High-fan-out drivers

Super-drivers

MmNk OODH WO

N =

e Fan-out derating - critical clock or distortion
sensitive paths have derated clock loading: 20% up to
l60MHz; 40% for »>160MHz. Use the FOD parameter to
allow ERC checking.

® Fan-out - high speed differential paths are kept
lightly loaded and the loads are balanced.

TABLE 2-15
20%/40% DERATED FAN-OUT SUMMARY

MACRO TYPE, OFPTION 20%/40% DERATED FAN-QUT

Input macros, buffered H-, S-option  7/5
Input macros, unbuffered TTL 1

Input macroa, unbuffered ECL 8
Input macros, 3-state enable-drivers 8
Logic macros, H- and S-options 7/5
Logic macros, L-option 3/2
Very Fast V Macros, logic or input 9
High=-fan-out drivers 12/9
Buper-drivers 25

® Fan-out - do not derate 25 load drivers or V macros.
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e Btatic driver - use GTB7 or L-option, B-option gate.
Gates drive 4 or 9 loads. Statlc driver can drive 32
Btatic loads, HIGH or LOW.

e Fan-in - any macro with an asterisk on an input pin has
been checked for fan-in > 1.

® Pin-restrictions - any macro with an asterisk has been
crogs-checked to be certain that it is connected to or
driven from a legal macro connection. (S8ome macro input
plns canhot be grounded.)

® Wire-OR restrictions - No more than 4 wires per wire-Or
and no cascading; all wire-ORs are component wire-ORas.

o Wire-OR restrictions - No driver macros can be
wire~0ORed and no macro with a fan-out of one or two can
be wire-ORed. Certain other macros {whose ocutputs are
flagged with an asterlsk) cannot be wire-ORed. No v
macro may be wire-ORed.

¢ Unused macro input pins - EWS convention 1s to ground
any unused inputs and terminate unused outputs, unless
the macro documentation indicates that a pln cannot be
grounded. (Grounded Bignals assume low level logic
and physically float.)

¢ Unused macro input pins - Do NOT ground pins that are
hook-up restricted. If a pin must be driven by a macro,
then a static driver must be used to drive the pin high
or low as needed. Refer to the individual macro
documentation.
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Unused input to an AND gate - These must be connected
to the output of an inverted static driver to drive a
logical "1" into the unused input.

Pin connections - Make certailn that input and output
Pins are properly connected, including PAD connections.

Bidirectional signals - Be certain that bidirectional
macro pins have been connected to a bidirectional
connector (EWS convention). Refer to Volume II,
Section 7 for additional information.

Grounded output pins - These are not allowed.
Terminated input pins - These are not allowed.

Macro type - Check that the proper TTL I/0 macros were
chosen based on the circuit type.

Macro type - Check that the prbper ECL verslons of the
ECL macros were chosen based on the circuit type.

8ignal names - Check that all connections - intra-page,
inter-page, off-chip and 3-gtate and bidirecticnal
eénables ~ have been properly named. Refer to Volume II,
SBection 3 for naming conventions and rulea.
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Cell utilization - Do not violate the 95% internal cell
utilization limit without AMCC approval. (Initial
designe should target a lower utilization figure to allow
for the addition of macros for design changes, debug
fixes and testing logic.)

Output latch restriction - Do not use an ECL output macro
latch to bulld a flip/flop. These macros should only be
used as latches.

Asynchronous data paths ~ Use FF70, FF71 or FF72 when the
data path to a latch or flip/flop is asynchronous. LA70
and LA71 are not released.

Internal pin count - Do not exceed the array limit and
supply AMCC with a total internal pin count.

Additional power and ground - Provide additional power
and ground pins as needed by using the ITPWR, ITGND and
IEVCC macros on the schematic. Use the SWGROUP macro
parameter to allow the simultaneously switching output
ERC check.

When leaded chlp carriers are to be used, care should be
taken to supply sufficient ground pins to allow
geparation of any signalse where cross-talk may he of
concern, e.g., between input and ocutput signals. Spare
pins should be grounded.

External pin count - Do not exceed the maximum array pad
count limit. ITGND, IEVCC, ITPWR macrog use cells and
pads and are counted. The final external pin count
depends on the selected package.
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Input levels - inverting TTL input macros must be
driven from a totem-pole Bource or from a source

providing vIHmax £ Voo - 0.5V.

Power - Do not violate the maximum internal current
specification. Compute the circuit internal current
and reduce by the powered-down outputs. Do not
terminate any V macro outputs.

Power - Compute the maximum worst case power.

Packaging - Verify that the package selected is
appropriate for the environment and junction
temperature {compute based on power).

Critical paths - Compute and clearly identify the
eritical paths, specify the critical paths.

Differential ECL I/0 - use when the speed is >100MHz or
when the signal is remote for +5V REF ECL.

Differential ECL input - Use the dual-cell macros oI
the TEBS8D-IEBYD pair placed adjacent on the layout when
the speed is greater than 100MHz.

Differential ECL input - Use the dual-cell macros when
the speed is greater than 150MHz but less than 360MHz.
(Consult AMCC.)

Differential ECL input - Use the V macros {(dual cell
differential) for speeds up to 600MHz (COMMERCIAL) and

450MHz (MILITARY}.
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Differential ECL output - Use the dual-cell macros such
a8 OE10 when the speed is greater than 1BOMHz and less
than 360MHZ.

Differential ECL output - Use the V macro {(dual cell
differential) for speeds up to 600MHz.

Generate and include reports on macro occurrence, current
and power; fan-out; pin count; etc. as indicated in the
Design Submission and Design Validation documente. (AMCC
MacroMatrix ERC software generates most of these
reports.) Refer to Section B, Volume II. Fill in ag
required.

Uge a chip macro to characterize the circuit as to array,
ECL type and power supply. Follow the rules in AMCC EW§
Schematic Rules and Conventions. Refer to Section 3,
Volume II,

Complete simulation documentation must be submitted with
the design, Iincluding socurce files. Refer to the Design
Submission and Design Validation documents.

For guidance in constructing simulation vectors, refer to

the AMCC document: Vector Submission Rules_ang
Guidelines. Refer to Section 4, Volume II.

For test vecteors, 1limit the number of simultaneously
switching outputs PER VECTOR to 8 for mixed ECL/TTL
circuits and 16 for 100% TTL or 100% ECL circults. This
applies to functional vectors and AC test vectors. Thisg
ls a test limit and not an array limit.

2-50
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POWER BUS DISTRIBUTION AND DECOUPLING

Optimal Power Bus Distribution and Decoupling is
dependent on & number of interactive device and system
varlables, including the package design used, the number
of simultaneous switching outputs on the device, output
loading, the amount of switching noilse contributed by
other gystem components, the number of power busses and
the design of the system and module power distribution.

AMCC recommends the use of multi-layer PC boards that
provide dedicated low impedence power and ground planes.
Besides maintaining a constant characteristic impedence
for transmission lines, the planes provide for a low
impedence return path to the ECL or TTL clrcuiltry and act
as an electromagnetic shield for the signal lines. The
distributed capacitance will also improve noise margins
by minimizing "ground bounce®™ and crosstalk. '

The 2-layer PC boards, on the other hand, may require
Buccessive approximations to optimize the system noise
margins and reduce external noise Erom being fed back
into the chip through the power and ground pins. This
approach should only be attempted in lower performance
systemg,

The 1/0 ECL Vcc and the Internal V.. package pins should
be tied together as close to the chip as possible, using
good high frequency practices. When mixed I/0 is
combined with multiple power busses, the TTL GND and ECL
Voe (0V) can be tied directly together at the chip on
multi-layer boards.
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For 2-sided boards, the location will be system dependant
and may require some experimentation. The primary
considerationa are the amount of simultaneous switching,
the signal/ground pin ratio and the isolation between the
TTL and ECL signal lineas (and return paths).

Low frequency (bulk) decoupling is generally provided in
the range of 0.5 to 2.0 uf/WATT, while high frequency
by-passing should be 100 to 1,000 pF/quadrant. The
by-pass capacltors are generally placed as close to the
c¢hip as posaible using high frequency techniques to
minimize the inductance in the leads, traces,
feed-througha and components.

AMCC's Q3500 performance boards use a luf tantalum in
parallel with a 470pf ceramic chip capacitor for each of
the Internal Vep/Voc paire. This same combination is
used for any VCC or additional Vee package pins with
excellent results.
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TESTABILITY

)

. /Concepts of testing and testability must be considered
from the beginning of any circuit design. AMCC
encourages: (1) the use of testability techniques in
circuit design; (2) the use of testability analysis early
in the design process so that testability problems can be
corrected by design; (3) the use of fault grading to
agsess test vector fault coverage; and (4) an under-
Btanding of the capabilities of today's advanced test
equipment in the development of semi-custom circuits.

STRUCTURED DESIGN

Structured approaches to ensure clrcuit testability such
as LSBD, Scan Path and BILBO are generally driven by an

) overall system philosophy to testing. While AMCC does not
promote one structured technlgue over another, each of
these measures during design can improve circuit test-
ability. AMCC does promote the use of overall structured
design procedures, including functional modularity, bus
architectures and clear documentation.

TESTABILITY ANALYSIS

All testability measures have one common goal: to enhance
controllability and cobservability of the circuit. It is
a grade on the logic design itself. Controllability is a
measure of the ease in setting a particular node to a
logic level of zero or one, while observability

_ determines the ease of propagating the node's state to

} one or more primary outputs, After a netlist has been
created and logic simulation has verified correct
functional performance, testability can be verified by
running testability analysis programes such as DTA (DAISY)
or COPTR (TEGAS).
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FUNCTIONAL SIMULATION

The object of functional testing is to detect a Single</
stuck-at 1 (SAl) or stuck=-at-0 (SAO0) fault in the circuit
if one exists. This ideally requires sufficient vectors
to "cover” all possible fault locations. The percent of
coverage is the fault grade of the vector set. To thisg
end, one approach is to c¢ycle all inputs and outputsg
through 1-0 and 0-1 transitions as a first check after
initialization. (This should cycle all internal nodes ag
well.) This 2% (n = number of inputs) brute force
approach is not necessary. Minimum vector test sets ang
minimum vector teet sequences will cover 100% of all
observable faults,

Functional simulation vector fault-grading can be
performed using the TEGAS simulator. Fault-grading is (
used to verify that the simulation bit vectors
sufficiently exercise nodes within the circult to assure
that the outgoing product matches the customer
specification. Insufficient fault coverage as determined
in a fault grading run may reqguire the addition of
vectors to the set developed to evaluate logical
functionality.

AMCC recommends the creation of a sufficient number of
vectors to achleve a fault coverage of 90% or higher, and
is prepared to perform the fault grading task upon
request.

For guldelines in performing functional simul ation, refer

to Vector Submission Rules and Guidelinss in Section 4,

Volume II of this design manual.
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AT-SPEED SIMULATION

In addition to functional simulation, the customer must
perform an at-speed simulation and timing analysis for
all critical (i.e., timing-sensitive) paths in the
¢ircuit, Refer to the previously referenced document.

AC TESTS SIMULATION

AC path propagation delay tests require simulation
vectors to initialize the circuit path to be measured and
to support the measurement of the path. One vector set
is required per path measurement. A path is defined as a
single input to a single output. Refer to Volume II,
Section 4, (708 REV A).

DESIGN FOR TESTABILITY

Some specific design suggestions for improved circuit
teBtability are:

® Become famil far with the macro library BEFORE beginning
€ macro conversion or design.

¢ Use synchronous rather than asynchronous circults whenever
possible - functional tests are synchronous.

® Partition the design (use structured design techniques)
into mmaller, testahle sections, usually along a- functional
boundary.

® Use degating logic to isolate modules for test.

® Use modular architecture, bus structures.

® Break up long counters (>8).

® Don't bury states.
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e Use transparent latches instead of Flip/Flops where
posgsible and use I/0 latches instead of Flip/Flops,

¢ Use macros, especially F/Flope and latches, with RESET op
SET controls where posasible to simplify initialization. (

¢ Avold feedback loops.
e If unavoidable, provide a means to break up feedback

loops during test (degating, enables).

e Avold redundant logic - minimizel - or add test points to
unmask masked faults.

o Avold derived clocks - they complicate testing.

® Design in test points, especially in sequential logic.
Add test points to improve controllability and
cbeservability. Perform testability analysis.

¢ If I/0 pins are limited, use demultiplexors to control and
multiplexors to ohserve internal nodes with otherwise poor
observabllity (buried states).

¢ Any 3-state enable control signal that is internally
generated must be externally observable, and should be
externally controllable during test. .

¢ Add parity trees for error detection. Or use Scan rath
Design to simplify test sequence generation or use Level
Eensitive Scan Design to simplify test sequence generation.
Keep test generation in mind while designing the circuit,

DESIGN FOR RELIABILITY

Some specifilc design suggestions for improved circyit
rellability are:

® Become famlliar with the macro library BEFQRE beginning
the macro conversion or design.

¢ Be aware of "glitch" circuits. Do not use potential
glitch circuits to drive clock inputs.

¢ Avoid one—shot pulse generators.
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® Avold gated and derived clocks.

® Avold race and hazard conditions. (PRINT (M_CHANGE files
can help identify these.) These are generated by having a
signal follow two or more paths to a common clrcuit element
(a.k.a., reconvergent fan-out.)

® Avold feedback loops.
e If uvnavoidable, provide a means to break up feedback
loops during test (using degating, enables).

¢ Avoid feedback paths between registers. If present,
compute the worst-case set-up and hold times and verify
operation. (Feedback from the ECL output macros must be
handled with care 1f used to input to internal latches and
Flip/Flops.)

® Add sufficient GROUND for the number of simul taneously

switching outputs and distribute among these outputs
(similar to distributed ground in a ribbon cable). Add
additional extra ground if there are extra I/0 pins
available.

® Rdd extra V.. as needed for the number of simul taneously
swltching ouESuts.

® Properly derate fan-out on all &istortion-sensitive paths
and all clock paths. FKeep clock path loading balanced.

® Avoid floating nodes on Internal 3-state busses or
external bidirectional busses.

® Use Johnson (a.k.a. Mobius, Ring or Twisted-tail)} counters
or geparate Flip/Flops to decode terminal count&. The
loading on the Q outputs is ldentical, eliminating the
loading skew (not the metal skew), and the outputs are a
Gray code - only one output changes state per clock cycle.
(Binary counter decoding can cause glitches.)

® Compensate for rising and falling edge loading skews and

the reversed TTL input translator rising and falling edge
Ekews by inversion as needed to reduce pulse stretch and
Pulse shrink phenomena.
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APPENDIX 2-A OPERATING CONDITIONS

The following tables are taken from the Q5000 Series data

sheet and define the operating conditions, maximum chip

ratings, DC parametrics and TTL load circuits.

()

\

“ebRloA SI)

12 Bungiadt sonaumed OG %001 103 K01 JDNY INSUeD Sjaissod ST AL S -
AS ¥ — <335 10} souwWeIed D0 04 DOWY INSUCD DIQISSOd SIAZ Y — |

U%Mw+ o ainesedwa ) afeiog
061 + "] aunesadws | uonaung Bulesadg
Mwwmm_mromvmwmm mu anieladwa) Bunesady
ASS (0 = 33A) abeyoa Indul 7L

AOL {0 =390 " pafmyop Aiodng 1L
2qvwps - {snonuuoo} luang aomoes Inding 105
I OLAND (0= 22a)8BeyoA Indui 103
J0A08- (0 = ¥2n) 33p abeyop Addng 193

SONILYH WNWIXYIN 3LN10Sav

Ds 051 ainjesadwa] uonaunf Y ocL aneladwa] uonaunp
{ase2) (weaique) (waique) (uaique)

D G2zl G- ainpesadwa) Gunesadpy D 0L 0 aineladwa] Buyeradg
i 08 %) yu 02 (")
MOTIUBLINY INAINO L L Mo AL Inding L1

A g8 0's S (93 A S26 0's Sl (524)
abeyop Aigdng 1L abeyoa fddng 1),

sy (1%} -4t - all) ||e/es1y su o5 -4t - awi) ([Besy
reubis indul 103 1euBig indu) 193

A |.8v- | 5F- | Sv- PO HOOL A 8= | 5v- [ gp- apOW MO0t

A {5- | 25— | Lv- BPOW QL A s | 29— | vEv- BPOW HOL
0=9(3p) 0 =N
abeop Addng 103 abeyop Aiddng 1753

SUNN | XYW | NON NW HILINVHYY SUNN | XYR | NON NN HILINVHYd

AHYLINA — SNOILIGNOD DNLLYHIJO IANINNOI3Y

TYIDHININOD — SNOLLIANOD ONILYH3JO GIANIANN003Y

2-A-1



(804).

e

APPENDIX 2-A OPERATING CONDITIONS

-
i 50~ 50- ST = Nip weangvidy | M)
T 0561-2N( G2k - 0561~N MO aBE0A INCUl WNWNE Y MOTaBEOAINCY | T Ty
AT 008N SpLLO2n 006A 1O HEIH 86e1en indul Winuixeiy HOIH2BeoA NGy | P |
T ey 088L-22A| 508120 0£8L-22A AZ— 015WYC 065 Bupeo moabenoainding | o
aw | geg-"on 0801224 088-22N 58042 AZ — 015006 81 Bulpeo) HoIHaBecAInding | HOA
XYM | dAL | NIN | XVIN | dAL | NI
LUNN [ABF—OIAST— = FA[ AR - OlAZY— = A SNOILIONCO 9G.L53L HALTWVLYd 0BNAS
De5el +/.55— TN 0L+ /.0 NNOD
eASP— = A SOILSIHILOVHYHO 3d LNd LNO/LNNE 001 103
i §— 5— 5— g g— AU
b oe oe ot oe 0E ZXEWH "
A 0002—A 0002—°A 0002—7A 0002—°A 0002—A SMIA
A 0861—°A 0B61L—"7A 08617 ORGLA 086L—A oG
A SPGL—7A GBS 1—A 02817 52aL—°A 5591997 TE0N
A 00FL—2A 0srL—°A [ITIEETY 061 —"A OLGL=PA S
AW 000L2A SEOL—2A S04 1-79A SPL1—2oA 5521—2°A 2 A
A 0e8—°A 026—A 086-""A 000L—°A 080124 YWHOA
[ G280 009—=A 089" 0247970 008—2°A &SI
AW SLG—7A 05920 0£4—°A 0LLPA 058—°°A XBUHOA
LINN .52} 5L D52 20 Do§S —
aseD L WHHALUE L
JATS - = FA SOLLSIHIALOVHYHD 34 Lnd LNQ/LNdNI Yol 103

2-p-2



(804)

APPENDIX 2-A OPERATING CONDITIONS

10u ABW ALy PUB SUKE 30IASD BLY T8 250U JUZH!

I0K0R] WAASNIDR 10) 3pNG ulsaa DOWY

3q [J1 2524} OS '30U0 12 pol

“Adding Jamod uodn pageq

AIEA W SUOQEIPSROS .Bo

Ao suondo poads plepuss Iy 9
Busa .F.ru.._ﬁsu X0) Ay 2t VA pue mvow Ty, Bursn SpUBWDA) DAY PSS SBY 350U Sl jiun Hia 10 Ya IBR fienioe

uBya aq AR sndw Auejy ‘Busa) SuBuAp JOy Sjanss INCL BuriRO W U SWAIXE 38 G5
“JUSLLILOIIALG 33U4-3Si04U "DIIB|S B Ul POISA] G AU pINOYS DU Ajurui a510u 0Ua2 apniud Sawar Indu a5ay

AD'S = OA .52 e Ale sy jeidd
pue HOp, %001 193 1A AS + J0d 'suoyypuco Bu)ieiado

-3

pue aBexpied duydads 10y | okt 0) apng) BuiBeyZed Oy S5 S| PEPUBLRIGIE PBETXE D} jou ') WALNEW yuam “Wnugyinba jewway) 12 painseaw eleg w

HOR BUILIZSUOS S3PING) UK

I TQVETTE T )

UJR) X3,
d>__u=u

“sutnputd Buperade pue oy ! :
pue BuiBexoed Do 995 | vodn paseq Aien w suoEayicads DSEL + K0} 851 0452+ B PUE 204 + PUE D52+ 00 D55~
i pue {7 1) WAIgUIR UBaMISq I8l 005 + B BUWNESE {301 103 81 AG+ W) AL’ 0'G =

4L D

A0} AL FZ5— = A LI DRINSERL BIEY

yw oL~ s2- |00L- g2~ AGQ = 119 ke = 2Op WwaLno oI oys Inding 9
Y| p0- 70~ AG0="NpBN =9 1uauno pQT indul g
vyu [0 ol AS'S = NA e = 927 “XEY§ 1B 1UALIAD HOIH Indu)| I
yr 0% 05 ALE =NIn"xep = 29 1UBLND HYIH Induj A
(am15-5)
vl 05 [ 05 - Av0 = LNOp xep = I MO WAL 10, Inding 120
(erers-g}
o 05 05— | 0§ 0§~ A = LNOp ey = 3%, HEBIH WaLnd 4o, indinp HZ0|
A (G0 g0 Yoz = ©|
A v v0 yuly = 107 |upy = 99 abeyoa o Inding On
r PE | vE ve | iT WW| ~ = HO| Uy = 99p aBecAHOHINAING | FOA
A |21 8- A ywal— = Mju= 994 sbeyoa apoip dweja jnduj A
. . sindui j|e 10}
A 80 g0 aBeloa 0 Indul pasiuesEng abeloA moTINd; | oy,
. . sinclu jje 10y
A 02z oe abieyjon HOIH indul paauEsEnD) 8DEIOAHOIH INdu| SHip
XV | odAL] NI | XV | AL NIN
UNN o 765N | 0L+ 140- WD SNOLLIONOD DA 1831 H3L3WvEvd T0EWAS
SIAULSIHILIVHYHI 20 LNJLNO/LNdNI L1

2-p-3



(804)

APPENDIX 2-A OPERATINRG CONDITIONS

LELE (I
SNOILINNS ONILEIANIFNON HOd WHOA3AYM UIVLS-2
ASL “A iy
- 1500y ="H
A 4d51="9
.Il— AL J— 1— Py | —
Na
“A
(2 910N 395)
£ 38NDI4 ¢ 3HNDIS
SNOILINNS ONILHIANI HOd WHOJIAVM JLYIS-C S1Nd.LlNQO 31VLS-2 HO4 LIN2JHIZ avol

Ny

{Z e10N @95}

(i @10N @a5)

oL

sindino

10123j|02

uBdo IOy
Ajuo pasn.

2-p-4



(804)

APPERDIX 2-A OPERATING CONDITIONS

o

SIOAQEOIR = VA 2
@ouEoRded abexoed pue Bil ‘agoid saphiou 10
4 pue g ssuntiid 335 "LONBSY 39S QUOBLW JO} PASN JIND4I0 PEO| ) | PIEPURIS |

434N9aid

‘S3LON
pasoi) paso) gy
pasoin paso|) Mg
uad(y paso;) 7d)
paso u2d(y HZg)
25 15 SNOLLONMA 1531

378VL HOLIMS LINDHID 1531 2UVIS-E

934N

S1N4LNO 2iViS-3IHHL
HO4 1INOHIZ av0n

= D
C)
(1 e10N 28%)
1o

1S3L HAONN
1NdLNG WO

B 20A O .w,m_%.m

EECIRYE

T3ATTMOTWOHS INIL 378YSIQ ANY
TIAITMOTOL IWIL 319YNT J1viS-©

ASO
NS FMNIJII
|I|_ L °
F4LH reh _ll

Wa

L1

30

p0BZ="g J951=T0 AGL="A

13A37 HOIH WOY4 Wil 318vSIO ANY
T3A3T HOIH OL AL 319YNT 3LVLIS-E

ASC
2Hdy _Il HZdy _II
A W,
'ILN’|>VA,W0

P082="" Jd51="3 AG|=Wa

AN

2-A-5






Section 3:
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COMPUTING PROPAGATION DELAY

The macros selected, the options of those macros, the
loading on the macros, the use of wire-ORs, and the final
layout of the circuit are all factors in the propagation
delay of any path. There are two approaches that can be
used to compute propagation delay: Front-Annotation,
where a statistical estimate of metal delays based on net
8izes is used; and Back-Annotation, where the actual
metal delay is used in the computation.

® PRELIMINARY COMPUTATION - PRIOR TO CAPTURE

Path propagation delays can be estimated using the
Btatistical wire delay tables, wire-OR load factor and
the appropriate k-factors for the macros chosen. The
géneralized equation for the typlcal extrinsic (load)
delay for a single net is shown below and discussed in
detail on the following pages.

tex =k * (Lgy + Lpgp + Lyg )

The sum of all typical intrinsic macro delays in the path
{t,,7 specified as Tpd in the macro documentation) and
all extrineic loading (t_.) is then multiplied by the
Proper ANNOTATED worst-case timing multiplication factor.

Note that the statistlically-generated Front-Annotation
delays do_not account for the differences in rise and
fall delays due to metal capacitance. Therefore, set-up,
hold or recovery errors may be present at simulation with
Back-Annotation delaye eince Back-Annotation does account
for these differences.

3-3
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® FRONT-ANNOTATION - AFTER CAPTURE
(REQUIRED}

After schematic capture, Front-Annotation software is
available on the individual workstations to provide the
designer with Front-Annotation delay files. 1In each
file, the estimated rising and falling edge delays per
net (expressed as NOM, MIN and MAX) are provided. The
files are identified as FNTMIL.ews, FNTCOM.ews,
FNTNOM.ews and FTNMIN.ews. Either FNTMIL.ews or
FNTCOM.ews will be present and represents the maximum
worst-cagse net delays. FNTNOM.ews provides the nominal
delays and FNTMIN.ews provides the minimum worst-cage
delays. The extension "ews" is workstation-dependent.

By incorporating these files into the simul ation
database, the designer can obtain a ptatistical estimate
of circuit performance. Front-Annotation simulation
results are not to be considered to be the specification
of circuit performance.

® INTERMEDIATE ANNOTATION - AFTER PLACEMENT
(OPTIONAL)

AMCC can provide Intermediate-Annotation files after
Placement has been completed and approved and before
routing 1s begun. Intermedlate-Annotation is a closer
approximation to the circuit performance but it is sti1]
considered to be an estimate, It uses the macro
placements in an algorithm to estimate the net delays.
It is not a specification of circuit performance but can
allow further identification of problem areas in a
time-sensitive circuit. Early identification of problems
due to placement is cost-effective since it allows
placement changes to be made before the routing process.
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Intermediate~Annotation software uses a VAX-based
/-\database and is not available on the individual
 /vworkstatione. Intermediate-Annotation delay filles are

used in simulations in the same manner as the

Front-Annotation files. The flles are identifed as

IBAMIL.ews, IBACOM.ews, IBANOM.ews and IBAMIN.ews.

® BACK-ANNOTATION - AFTER ROUTING
(REQUIRED)

The most accurate method of computing a clircuit
pPropagation delay requires that the circuit be completed
through layout. Back-annotation software adds the actual
metal delay, fan-out and wire-OR delays into the path.
Back~Annotation accounts for the differences in rise and
fall times due to differences in metal load units for the

)rising and falling edges of metal 1 and metal 2. Back-
Annotation must be run and approved prlor to the
generation of the actual silicon arrays.

The Back-annotation software uses a VAX-based database
and is not available on the individual workstations. The
Back-Annotation program'provides files which include the
ACTUAL metal delays of each net. The Back-Annotation
delay files are used in the simulations in the same
manner as the Front-Annotation files. The files are
ldentified as BCEMIL.ews, BCRKCOM.ews, BCENOM.ews and
BCEMIN.ews.

AMCC guarantees that the silicon will match (will not be
Blower than) the Back-Annotation results.

)
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¢ TYPICAL INDIVIDUAL MACRO PROPAGATION DELAY

AMCC macro documentation specifies typical, unloaded(i
macro path propagation delays (Tpd) for each path through
a macro. Macro specifications include delays for both
rising edges and falling edges. For multiple-input
macros, there are delay differences for a path based on
the number of other inputs changing state. Three-sgtate
macros have specificationse for high-Z switching delays
Teuzr Tpzur Tpzr @nd Tprg-

The actual macro path delay will be a function of:

e unselected inputs along the path (e.g., in a 2:1
mux, the state of an unselected Il will affect the
propagation delay of a selected I0->Y);

e the state of the ilnput data ( low data may have
different set-up and hold times than high data); \

e multiple inpute changing state (when several
OR/NOR 1nputs change simul tanecusly the delay increases).

AMCC macr¢ specificatlions, as documented in the Design
Guides and Design Manuals for each array serles, show the
typlcal propagation delay for a path through a macro,
under worst-case conditions.

-



TIMING ANALYBIS (804)

To account for some of these path delay variations, the
AMCC macro specifications have been expanded to show the
model behavior in more detail. The spebifications are
interpreted as follows:

Non-inverting:
Tpd++ rising edge input to rising edge output
Tpd-- falling edge input to falling edge output

Inverting:
Tpd+- rising edge input to falling edge output
Tpd-+ falling edge input to rising edge output

All AMCC EWs sipulation models are accurate to within
10ps.

¢ INTRINSIC SET-UP AND HOLD TIMES

The intrinsic gset-up and heold times for latches,
flip/flope, and MSI or multiple-cell macros that include
Oné or more of these types of devices, are specified in
the macro summary in SBection 6. The parameters represent
the behavior of the macro as observed at its input and
output nodes. Set-up time (Tsu) is the time that a
8ignal must be stable prior to the active clock edge.
Hold time (Th) is the time that a Bignal must be held
after the active clock edge.
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¢ RECOVERY TIME

Recovery time (Trec) is specified for any latch,
flop/flop or MSI which has a set or reset. It is the
length of time that a reset/set pignal has to have ‘been
inactive prior to an active clock edge. (Clocking within
ihe recovery time period will resuli in unpredictable
behavior.,

Set-up time, hold time, recovery time and minimum pulse
width are all specified as worat-case minimums as opposed
to all other propagation delays which are specified ag
Llypical values. Set-up time, hold time, recovery time
and minimum pulse width are not multiplied by a
worst-case timing multiplier. Macro intrinsic delays and
extrinsic delays are multiplied by the worst-case
multiplier.

® EFFECT OF LOADING ON OUTPUT MACRO DELAYS

For output macros, Tpd is specified for a specific load
limit. PFor TTL or ECL output loads up to but less than
100pf use Table 3-1. For TTL or ECL output loads over
100pf, consult AMCC.

TABLE 3-1
OUTPUT LOADING DELAYS
TYPICAL
TTL RISING EDGE .072ns/pf
TTL FALLING EDGE .072ns/pf
ECL RISING EDGE .045ns/pf
ECL FALLING EDGE .037ns/pf

3-8
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(/~>The delay adjustment values for both TTL and ECL output
capacitive loading are typical and must be multiplied by
the worst-case timing multiplier for the selected
operating conditions. Therefore, at this step, the
nominal capacitive load delay should be added to the
hominal path propagation delay.

® COMPUTING THE LOADING DELAY FOR A NET - FRONT
ANNOTATION

The method for manual computation of the effect of load
units on the propagation path is:
For each net:

tex = k * (Dgy + Ipge + Lyg)

g *} where

“ 7k = the k-factor for the series and the macro type
and/or option as listed in Section 6. An overview of
k-factors 1s listed in Table 3-2.

Lfo = the sum of the electrical fan-out loads in a net.
(Pins with a fan-in of 2 count as 2 electrical loads)

Lnet = the estimated metal delay from Table 3-3,
indexed by the sum of the number of pins in the net
minus 1 (i.e., index by I[net size - 11} (Pins with a
fan-in of 2 count as 1 physical load)

Lgyo = W * (n-1) where W is the wire-OR load factor and
n is the gize of the wire-OR {(see Table 3-4)

9

3-9
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TABLE 3-2
k FACTORS - Q5000
ng/LU

k S-option 0.040

kE1®® 5 option 0.040

k L-option 0.040

Kfi®® Looption  0.080

k H-option 0.020

KEL®® B-option  0.040

K.ige DRIVER 0.020 (15 loads)
kfall DRIVER 0.020 {15 loads}
K 1ge V-macro 0.020 (9 loads}
kfall V-macro 0.020 (9 loads)
k:ise DRIVER 0.010 (25 loads)
kfall DRIVER 0.010 (25 loads)

Refer to Section 6 for the
k~factors for a specific macro.

® COMPUTING L ..
Compute the statistical metal estimate by counting the
physical pin in the net (driving or source pins and
destination pins), subtracting one (1), and using thig
number as the index to the following table. The number
listed under a specific array is the estimate for the
load units due to metal in the net. This value does not
reflect the differences in rise and fall due to the
specific ratlic of metal 1 and metal 2 in the load.
Back-Annotation 1s the only source of this information.

3-10
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TABLE 3~3

FRONT-ANNOTATION

STATISTICAL WIRE LOADS

L

———]——— net_____ __________
NET |
-1 : Q1300T Q35007 QM1600T Q5000T
11 1.80 2.39 1.96 3.84
2 | 2.86 3.80 3.12 6.11
K 3.76 4.99 4.09 8.02
41 4.56 6.05 4.96 9.72
5 1 5.29 7.03 5.76 11,29
6 | 5,98 7.94 6.51 12.76
71 6.63 8.80 7.22 14.14
8 | 7.25 9.63 7.89 15.47
9 | 7.85 10.42 8.54 16.74
10 1 8.42 11.18 9.17 17.96
11 | 8.97 11.92 9.77 19,15
12 | 9.51 12.63 10.36 20,29
13 | 10.04 13.33 10.93 21.41
14 | 10,55 14.01 11.49 22.50
15 1 11.05 14.67 12.03 23,57
16 I 11,54 15.32 12,56 24.61
17 | 12.01 15,95 13.08 25.63
18 | 12.48 16.57 13.59 26.63
19 I 12,94 17.19 14.09 27.61
20 | 13.40 17.79 14.59 28.58
21 | 13.84 18.38 15.07 29.53
22 | 14.28 18.96 15.55 30.46
23 | 14.71 19,53 16.02 31.38
24 | 15.14 20.10 16.48  32.29
25 | 15.56 20.65 16.94 33.19
26 | 15.97 21.20 17.39 34,07
27 | 16,38 21.75 17.83 34.94
28 | 16.78 22,28 18.27 35.80
29 | 17.18 22,81 18.71 36.66
301 17.58 23.34 19.14 37.50

3-11
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¢ COMPUTING Lwo

The wire-OR lcad factor is 0.40 for the Q5000 Series
resulting in the following values of L.o for the three
wire-OR gizes. .'I'his repregents the electrical load of
any wire-ORs present in a net.

TABLE 3-4
WIRE~OR LOADING
(Lyo)

WIRE-QOR

S8IZE LU
WIREOR2 0.40
WIREOR3 0.80
WIREOR4 1.20

e COMPUTING Lfo

Compute L. by adding the sum of the electrical loads of
all loads driven. Unless marked by an asterisk and so
noted, the fan-in on a macro pin is taken a®s one. 1If g
destination pin has a fan-in of 2, it counts as two
electrical loads and as one physical pin. A destination
may appear to have two physical loads internal to the
macro. In these cases, the macro documentatlon will
c¢learly identify the fan-in load represented by that pin.
Physical fan-out internal to the macro does not affect
the physical pin count.

3-12
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® WORST-CASE TIMING MULTIPLICATION FACTORS

Once khe sum of all of the intrinsic and extrinsic
propagation delays in a path or path segment is computed
and adjusted for any external capacitive loading, then
the result must be multiplied to obtain the worst-case
delay as follows: '

Tpd * M.F. =

ltypical Tpd |yor st-case
Multiplication factors are shown in Table 3-5. The
worst-case timing or delay multipliers take into account
the following:

® Process variations

¢ Temperature variations

e Voltage varlations

e Signal skew
and apply to the intrinsic macro delays (tin = Tpd) and
to the extrinsic net and loading delays (tex).

TABLE 3-5
WORST-CASE TIMING MULTIPLICATION FACTORS
WORST-CASE MULTIPLIERS FOR FRONT—- AND BACK-ANNOTATION

WCM

| ________________________________________
I min. | 0.70¢ |
| MINIMUM * typ. ! 0.78 |
| max. | c.86 |
| ________________________________________
| min. l 0.90 |
| NOMINAL typ. 1 1.00 |

max. | 1.10 1
| ______________________________________ —
t min. l 1.11 |
| COMMERCIAL typ. i 1.23 |

max. | 1.35 |
| _________________ Ly S R S —
[ min. l 1.1% |
| MILITARY typ. | 1.32 |

max. | 1.45 |
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TABLE 3-6
APPLICATION RULES FOR THE WORST-CASE TIMING MULTIPLIERS

e Set-up time, hold time, recovery time and minimum pulse
width are pot multiplied by any worst-case timing
multiplier.

e Macro intrinsic delays and extrinsic delays are
multiplied by the worst-case timing multipliers.

e Output loading delays are multiplied by the worst-case
timing multipliers.

e Multipliers at a glven operating condition represent
20% on-chip signal tracking.

SELECTING THE CORRECT WORST-CASE TIMING MULTIPLIER

commercial worst-case timing multipllers are for circuits
operating in the 0°C ambient to 70°C ambient temperature
range with a 5% power supply varlation and a junction
temperature maintained at <130°C. ¥iolation of any of
thege three parameters requires the use of the Military
timing multipliers.

Military worst-case timing multipliers are for circuits
operating in the -55°C ambient to +125°C case temperature
range with a +10% power supply variation and a junction
temperature maintained at £150°c. I1f any of these
parameters are violated, the military timing multipliers
no longer apply. Consult AMCC.

3-14
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MINIMUM PROPAGATION DELAY

AMCC does not specify minimum circuit delays. However, a
guideline for minimum propagation delay is 70% of the
typical path delay (the annotated worst-case minimum
multiplier is 0.70). Where the performance of a circult
would be affected by excesslve speed in an array, the
minimum performance requirements must be clearly
documented in the design submission,

® RESULT

The total of the macro delays, net loadlng delays as
computed with Front-Annotation, added output capacitive
load delays, all summed for each path of interest,

multiplied by the proper multiplication factor provides

the estimated propagation delay for the paths.

3-15
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ASYMMETRY IN THE WORST-CASE PATH

Each potentially critical path must be evaluated for
worst-case conditions. Both the propagation delay of g
rising edge input signal and that of a falling edge input
signal must be computed and compared for pulse Btretch
and pulse shrink. For multiple-input macros, the
worst-cape specification may be the one with one or more
inputs switching or not. The worst potential circuit
behavior as represented by the macro specifications nust
be reviewed.

Minimum pul se-width requirements must be verified and the
minimum path delay adjusted as necessary to meet thesge
requirements. Only Back-Annotation 18 capable of
reflecting the rise and fall effects from differences in
metal 1 and metal 2.

In some cases the mipimum delay may be the worst case.
AMCC MacroMatrix releases contain the NOMINAL,
MAXTMUM-MILITARY, MAXIMUM-COMMERCIAL and MINIMGM timing
libraries for the array serles.

3-16
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FIGURE 3-1
EXAMPLE OF TRACKING FOR THREE OPERATING CONDITIONS:

- a + - b + - ¢ +

12717771 V7770771 V22717771

| = e e | = e e |

0.7 1.0 1.45

MINIMUM NOMINAL MILITARY
ALL MACROS

From the diagram, for unlike structures, 1.1 % ¢ =
for all macros.

For hold time analysis, see Appendix 3-A.

1.45
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SIGNAL BALANCINGy DISTORTION MINIMIZATION

The case where two pathe are required to be identical in
performance 1s common. The best results are obtainegd
when the macros are identical macros and are identicall}
loaded, including wire load. Since placement ig not
always an option, the judicious use of parallel
structures {(such as buffer trees) to reduce loading in a
path and the use of pulse distortion minimization
techniques, such as inversion of the signal at éach
macro, will help.

For ECL output operation at 100MHz and above,; pulse
distortion minimization methods should be used. Thesge
include: 1) signal inversion on alternating macros; 2)
short interconnect, a function of fan-out, wire-ORs and
metal length; and 3) balanced rising-edde and
falling-edge k-factors.

The final anaylsis for pulse stretch and shrink and

balanced path delays must be performed using
Back-Annotation.

3-20
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MAXIMUM OPERATING FREQUENCY

The Q5000 series ies capable of supporting high I/0
ewitching ratee. The following is a summary of 1/0 and
internal logic performance capabilities. Refer to
individual flip/flop, latch and MSI macro gpeclifications
for specific information on their performance.

TABLE 3-7a
MAXIMUM OPERATING FREQUENCY
GENERIC MINIMUM PULSE WIDTH

TYPE OF 1/0: OPTION: < MHz B (ns)

TTL INFUT s 120 4.16
H 160 3.12
TTL QUTPUT s 65 7.69
R 9% 5,55
L 30 16.66
ECL INFUT 5,D 240 2.08 (single-ended)

s,D 360 1.38 (differential}
COMMERCIAL V-MACRC 600 0.83 (differential)
MILITARY V-MACRO 450 1.11 (differential’

ECl, Q0TPUT (] 180 2,77 (single-ended)
[ 360 1.38 (differential)

COMMERCIAL V-MACRO 60C 0.83 (differential) *
MILITARY V-MACRO 450 1.11 (differential)

*

INTERNAL MACRO 8 2lc 2.38
H,D 360 1.38
L 150 3.33

COMMERCIAL V-MACRC 600 0.83 (differential) *
MILITARY V-MACRO 450 1.11 (differential)

*

* A V-macro 1s a differential driver operating with an
output range 1/2 of standard.

Selected MSI macros carry thelr own specifications for
maximum operating frequency.
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As a reference, the (804) release ECL input macros are

listed in Table 3-7b.

2.08

1.38

2.08

2.08 with IES80

4.16¢ with IE88D/89D/90

THERMAL DPIODE

2.77
2.77
4.16
2,08
0.83 COMMERCIAL

TABLE 3-7b
MAXIMUM FREQUENCY FOR ECL INPUT MACROS

IE23D 240
IE25 360
IES0 240
IE8S 240
IESS 120
IE86

IE88D 180
IE89D 180
IES0 120
IES3 240
IE99V 600
IE99V 450

1.11 MILITARY

FRONT-ANNOTATION LOAD UNITS

The Front-Annotation ptatistical wire load units table
was calculated using the following :

* b

LU = a * (netslze-1)

TABLE 3-8
FRONT=ANNOTATION LOAD UNITS

ARRAYS b

Q50007 0.67
Q35007 0.67
Qi3oor 0.67
QM1600T 0.67

(wirel qg,wire2
1.80 1.80
1.80 1.00
1.80 1.00
1.80 1.00
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BACK-ANNOTATION LOAD UNITS

The Back-Annotation delay file is derived using the
following:

TABLE 3-9
BACK-ANNOTATION LOAD UNITS
METAL 1 METAL 2
®lrising C1falling ©2rising S2falling
LU/ mm LU/ LU/ mm LU/ mm
Q5000T 1.3 1.8 1.0 1.8
Q35007 1.0 1.8 0.6 1.0
013007 1.0 1.8 0.6 1.0
QM1600T 1.0 1.8 0.6 1.0
L, . - ML " Ciriping) * M2 * Cppyging)
se 1000
w
Wy e e Y Ciganiang * U2 * Coganning
fall= ~mommsmmmsSESSEESSo—o

1000

Ml = length of metal 1 in microns
= length of metal 2 in microns
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PREVENTING HOLD VIOCLATIONS DUE TO CLOCK SKEW
INTRODUCTION

Hold Time violations are a concern wherever 2 storage
elements interface with each other, and are clocked by
different drivers. Any multiple clock organization or
clock distribution tree i1s subject to this design hazard.
The error typically shows up when the Q output of one F/F
directly feeds the D input of another.

If the clock to the second F/F 1s delayed due to tracking
or skew, the D input will change during the set-up/held
window. This can easily be avoided by using the
guidelines and design checks described below.

HOLD TIME CONSIDERATIONS

Figure 3-A-1 shows a typical 32-Bit shift register being
driven by two clocks. Virtually no considerations are
needed to maintain hold time when the Q@ output and D
input are on flip/flops that are driven by the same clock
nhet, i.e., FF15/FF16 driven by CLKl.

If the clocks are different as in FF16/FFl17, two paths
need to be analyzed to determine if the required hold
time has been satisfied. Path 1 flows through macros D1
and FF1l6 (CLK to Q) to the D input of FF17, while Path 2
is through D2 to the clock input of FFl7. Differences in
tracking, fan-out and metal lengths between the paths can
be significant and cause enough delay in Path 2 to create
a hold time error.

3-A-1
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FIGURE 3-A-1
32-Bit Shift Reglster Driven by Two CLocks
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('\) Two options are avallable to overcome the problem:

1. Add 1 or more gates in-Path 1 to offset the delay.
Generally, a single gate as shown in Figure 3-a-1 (Bl)
will suffice.

2, Minimize the differences to an acceptable level
through macro selection, placement, load balancing and
reduced metal lengths as follows.

* Uge ldentical clock driver macros to improve
tracking.

* Balance the clock fan-out loading (Lfo) to within
10%.

* Balance the clock loads (fan-out + metal) (L

fo *
Loet) to within 30%. °

* Add a buffer if computation stlll shows hold time
viclation

- ) DESIGN CHECK

To compute the hold time of the design, the propagation
delay of both paths needs to be determined while
factoring in the effects of tracking.

For Like edges:

»/) For

® If they are placed on adjacent cells on the same
row or column, a 5% tracking should be used.

® If the two drivers are of the‘same macro type and
they are placed within the same quadrant, a tracking
of 10% should be used.

® If they are not the same macro but are placed
within the same quadrant, 20% tracking should be
used.

unlike edges:

® If unlike edges and unlike structures but placed

within the same quadrant, 20% tracking should be
used.

3-a-3
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Cther placement options are not recommended.

Note: It 1s unlikely that two paths whose tracking in
relation to each other ie of concern, would be placed in
different quadrants.

The worst-case tracking direction is to reduce the path
propagation delay of both D1 and PFlé by the indicated
amount. This includes both the intrineic and extrinsgic

7

delays.

The general equation for the example i1z as follows:
WClmax * [TRK) ¢ Tpdp) + TRK; * Tpdpp1g = TPdpz! > Thegy,

The TRK, tracking factor applies to D1 in the example and
is 0.9. This assumes identical driver macros that are

placed within the same chip guadrant {(10% tracking). For
other optione, this should he changed to 0.95 (5%
tracking) or 0.8 (20% tracking) as applicable.

The TRK, tracking factor applies to FFl6. In the
example, FF16 should use a 20% tracking to account for
the unlike edges and unlike structures between FFlé and
D2, This assumes that the two macros (D2 and FFl6) are
both placed within the same chip guadrant.

The computation should be tested at the AMCC minimum test
condition (WCMmax = 0.86) 1f the expression within the
brackets results in a positive number. If the result ig
negative, then the worst-case maximum operating condition
needs to be tested (WCMmax = 1,35 for Commercial, or 1,45
for Mil)}.

3-2-4
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For the example, for a MILITARY clrcuit, the equation
becomes:

0.86 « [0.9 * Tple + 0,8 * TdeFlG - TpdD2] > ThFFl?

or

1,45 * [0,9 * TPle + 0.8 % TdeF16 - TpdD2] > ThFF17
whichever is worse.

Not e : While success can be estimated using
Front-Annotation, final calculations must be made after
Back-Annotation uging the actual metal delays. The
layout and/or design must be changed if the appropriate
test fails.

3-A-5
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EXTERNAL SET-UP and HOLD TIMES

When the input to the data or the clock or both pins on a
flip/flop or a latch are supplied from an external
slgnal, then the external set-up and hold times must be
computed, The computations must be for worat-case and
account for processing skew. Both the rising edge and
the falling edge of the data signal must be examined to
allow evaluation of signal asymmetry.

To meet design submission requirements, both the maximum
worst-case {(1.45 or 1.35) and the minimum worst-case
(0.70) equatione may need to be computed to determine the
worst-case window for external set-up and hold times.
Both rising edge input and falling edge input path
propagation must be evaluated.

Use the MILITARY or COMMERCIAL equations for set-up time
when t, - 0.82 * £, > 0. Use the MINIMUM equations for
set-up time when tD - 0.82 * te < 0.

Use the MILITARY or COMMERCIAL equations for hold time
when t. - 0.82 * t; > 0. Use the MINIMUM equations for
hold time when t; - 0.82 * tj < 0.

Results computed or derived from simulations using
Front-Annotation data cannot be considered as the circult
specification.

4-3
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EXTERNAL SET-UP AND AOLD TIME

FIGURE 4-1
EXTERNAL SET-UP AND HOLD FOR ANY CIRCUIT
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When computing the set-up time, it is desirable to assume
that the data propagation path delay is the worst-case
maximum and that the clock path propagation delay is a
worst-case minimum for the operating conditions. The
generic equation is:

t = WCMmax * t, - WCMmin * t. + Ts

BUg ot ernal D c Ynacro
When computing the hold time, it is desirable to assume
that the data propagation path delay is the worst-case
minimum and that the clock path propagation delay is a
worst-case maximum for the operating conditions. The
generic equation is:

t = WCMmax * t,. - WCMmin * t,, + T
hexte:nal c D Ppacro

The equations are based on the maximum worst-case 20%
- i discussed earlier in

this design manual.

Table 4-1 provides the external set—up and hold equations
for the Q5000 and Q3500 Beries Bipolar arrays for the
four defined operating conditions. Figure 4-1
illustrates the delay path terminology. Table 4-2
provides the definitions for the terms used in the text,
the equations and in the figure.

-====l============.I=I=============BIB:“===============B=ﬂ=

TABLE 4-1
SET-UP AND HOLD EQUATIONS
Q3500, Q5000 SERIES BiPOLAR ARRAYS

MILITARY t =1.45 *¢t. - 1,19 %t + T
OPERATING t-Vexternal= 1.45 * t,.0- 1.19 * . 4 m Su(macro)
RANGE thexternal C D * Thimacro)

COMMERCTAL t =1.35 "t - 1.1 ¥t + T
OPERATING tpUexternal= 1.35 * to- 1,11 * tpC+ T Somacto)
RANGE external

MINIMUM ¢t = 0.86 * ty - 0,70 * £ + T
OPERATING tp externale 0.86 * to - 0.70 * tp°+ Ty Soiracr®)
RANGE external

R EEREE R EE R s S RN E S EE S B EE S =SS =S === E RS FE =SS ==
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TABLE 4-2 -
TERMINOLOGY DEFINITIONS

tp = NOMINAL data path propagation delay from the
circuit input and up to the memory macro data input
pin computed using Front-Annotation methodology
prior to layout; Back-Annotation after layout.

tC = NOMINAL clock path propagation delay from the
circuit input and up to the memory macro clock
input pin computed using Front-Annotation
methodology prior to layout; Back-Annotation after
layocut.

Tau = Tsu as specified 1n Section 6
macro (specified as minimum)

T = Th as specified in Section 6
hmacro (specified as minimum)

WCMixx: The specific worst-case multipliers (WCMmax and
WCMmin) are based on the operating conditions

WCMmax = MILmax, COMmax or MINmax _
WCMmin ~ MILmin, COMmin or MINmin S°¢ Table 4-3

N
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Table 4~3 provides a complete summary of the worst-case
timing multipliers for the four operating conditions.
For each operating condition there 1s a maximum, a
typical and a minimum multiplier. The minimum multiplier
15 90% of the typical multiplier. The maximum multiplier
is 110% of the typical multiplier. The maximum timing
variation possible on a single array 1s 20%.

TABLE 4-3
_WORST-CASE TIMING MULTIPLIERS

ARRAY SERIES: --—-> 03500 ambiguity abbreviations

Q5000 ] WCHmin
Operating | | WCHMEyp
Conditions: v v WCMmax
MINIMUM minimum 0.70 0.9*typ MINmin
OPERATING typical 0.78 typ MINnom
RANGE maximum 0.86 l.1*typ MINmax
NOMINAT, minimum 0.90 0.9%*typ NOMmin
OPERATING typical 1.00 typ NOMnom
RANGE maximum 1.10 l.1*typ NOMmax
COMMERCIAL minimum 1.11 0.9%yp COMmin
OPERATING typical 1.23 typ COMnom
RANGE maximum 1.35 l.1*typ COMmax
MILITAR minimum 1.19 0.9%typ MILmin
OPERATING typical 1.32 typ MILnom
RANGE maximum 1.45 l.1*typ MILmax

All macros and all delay k-factors are multiplied
by these worst-case multipliers. In the bipolar
arrays, all macros use the same multipliers for

a4 glven operating condition.
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INTRODUCTION

The internal current dissipated by a circuit in a bipoclar
logic array must be examined to determine if the Maximum
Corrent Specification for the INTERNAL array (L cells)
has been exceeded. The TOTAL current (internal celle and
1/0 interface cells) is used to compute the worst-case
bower dissipated by the logic array. The worst-case
Power as it relates to junction temperature 1s used to
examine the packaging and the heat-sink requirements of
the fipal product.

The total worst-case current is a function of the macros
used, the options selected for those macros, the number
of unused (terminated) macro output pins that can be
powered~down, and the overhead current, which 1is a
function of the array chosen. The current 1s also a
function of the output terminations. I.g 1s derated
based on the actual junction temperature of the device.

Voy derating is as a function of junction and ambient
temperature and of power supply voltage.

An unused cell does not dissipate power. An internal or
interface macro uses the full current as gpecified in the
Design Guide Macro Summary only if all of its outputs are
used, or if unused outputs cannot be powered-down.

5-3
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MACRO OCCURRENCE TABLE

A macro occurrence table can be constructed prior to
design capture to assist in the computation of internal
and total circuit current and power dissipation. At the
minimum, a macro occurrence table should provide:

e A list of the different macros differentiated
by optlon;

e The number of times (n) each macro appears on the
schematics;

e The current (I.. or Igp) for one instance
of the macroj;

e The total current due to the n occurrences of
each macro.

e The sums of the ICC and Ipp currents.

e The adjustment for powered-down outputs.

THE WORST—-CASE CURRENT MULTIPLIER {WCCM)

For the Q5000 Serles, the worst-case current multiplier,
WCCM, i the constant 1.4 for MILITARY and 1.4 for
COMMERCIAL grade circuits. The worst-case current
multiplier is used to compute the worst-case values for
all specified macro currents and to compute the
worst-case value for the overhead current.

5-4
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MACRO OPTIONS -

Macros for the various AMCC Bipolar Logic Arrays come
with options. The Q5000 Beries offers the H-option and
the L-option (low-power} on nearly all internal macros in
its library. The L-option macros are slower than the
S-option with a lower fan-out load capability and have a
lower dissipated current, The H-option macros are faster
than the S-option with a higher dissipated current.

During design, H-option macros, high fan-out drivers (15

and especlally 25 load drivers), and other high-current
macrog should be used judiciously to avoid unnecessary
high current/power diseipation. The use of L-option
macros can help balance the use of high-current macros
providing speed/power programmability.
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HIGH-CURRENT INTERNAL MACRO LIMITS

The design guidelines for H-option, drivers, and other
high-current internal logic macres vary with the array
and are related to the Maximum Internal Current
Specification for the array. The design guidelines aré
shown in Table 5-1. The Ql1300T and QM1600T are designed
to allow up to 100% high-current internal macros,
depending on the macros selected. The Q5000T, because it
is 3-layer metal, has no restrictions and can also
accommodate 100% high-current macros.

‘_ TABLE 5-1
MAXIMUM INTERNAL CURRENT SPECIFICATION
L CELLS ONLY

" T o e S A i B Bk B ek e B e B B Y P S e

Array: Maximum Current Guideline Row Limit
mA {#H, D macros) mA/ row
Q50007 1383 100% 54
Q3500T 843 50% 39
QM1600T 427 100% 23
Ql30o0T 405 100% 34

e QM1600T: 160mA TYPICAL for half of the RAM (640 bits)

The maximum current dissipated by the macros that are
placed on the internal L cells of an array must be
checked against the overall maximum current specification
for the array. When a circult 1s undergoing placement,
the more detalled maximum row current limits are checked.

5-6
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POWER-DOWN OF UNUSED MACRO OUTPUT PINS

When a macro output pin is terminated, if the output
current for that macro pin can be powered-down, the
layout software will power-down the output emitter-
follower current source, IOEF' thereby reducing the
current dizsipated by the macro. The amount of the
current reduction is a function of the array gseries and
of the macro option as seen in Table 5-2.

With the exception of drivers, this does not apply to any
macro output pin that cannot be wire-ORed. Any other
Pins that cannot be powered-~down are noted in the macro
documentation in Section 6.

The AMCC MacroMatrix ERC software computes the
powered-down current and adjusts the power dissipation
table, For 100% TTL or a +5VREF circuit, the
bowered~down current is considered to be Icc (as 15 all
current in the circuit). For 100% ECL or & TTLMIX

clrcuit, the powered-down current is considered to bhe

Tpg.
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TABLE 5-2

TYPICAL I,ee in mA FOR POWERED-DOWN OUTPUTS

MACRO ma WIRE~-ORABLE*
8-OPTION LOGIC MACRO 0.36 YES
H-OPTION LOGIC MACRO 0.36 YES
L-OPTION LOGIC MACRO 0.18 YES
15-LOAD DRIVER ~ LOGIC 0.72 NO
25-LOAD DRIVER - LOGIC 2.16 NO
V MACRO -~ LOGIC *+* ——— NO
5-0PTION 1/0 MACRO 0.45 YES
H-OPTION I/0 MACRO 0.45 YES
L-OPTION I1/0 MACRO - none availabkle
15=-LOAD DRIVER - I/0 1.62 NO
25-LOAD DRIVER - I1/0 2,79 NO
V MACRO = I/0 ** - NO
3-STATE ENABLE-DRIVER - NO

* wire-ORable in the general case
** differential macros, both outputs must be used.

R
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COMPUTING THE MAXIMUM WORST-CASE INTERNAL CURRENT

To compute the internal worst-case current:

Sum the total typical current dlasipated by the
internal logic macros (those placed on L cells);
set this aside; (total typical internal current);

Count fhe number of unused macro outputs by
macro option type ( S-option, H~option, L~option,
or driver; interface or logic);

Multiply the number of unused outputs of each
type by the current saved per output;

Sum all of these products together and subtract
from the total typlcal internal current;

Multiply the result by the worst-case current
multiplier to £ind the worst-case maximum current;

Compare this to the specification for the array;
If the computed value exceeds the specified
limit, adjust the design. Excessive current

at this level, when coupled with other placement
constralnts, could prevent a successful layout.

5-9
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COMPUTING THE MAXIMUM WORST CASE POWER
® COMPUTE THE TOTAL TYPICAL MACRO CURRENT

To compute the worst-case power for & circuit on an
array, all of the macros used must be listed. To
estimate power prior to schematic capture, create a macro
occurrence table as degcribed earlier and compute the
total current dissipated. ‘

e REDUCE CURRENT DUE TO POWERED-DOWN OUTPUTS

Reduce the current for the powered-down macro outputs as
previously done when computing the maximum internal
current. 1In this case, compute the amount of current
saved by the power-down of both internal and interface
macro outputs. As before, this affects the I.g sum
unless the circuit has a single +5V power supply, then
Iz = 0 and the Ioe term is the one reduced.

e ADD THE OVERHEAD CURRENT

The overhead current is the base array current dissipated
by the internal regulators, reference generators,
selected I/0 mode (TTL, ECL, MIXED)}, and power supply
configuration (+5V, -5.2V, dual supply or other). The
overhead current for the array is specified in the
Overhead Current Drain table. (Refer to Table 5-3.,)
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TABLE 5-3
L T R e
ST +5V REF
CHIP TTL MODE ECL MODE MIXED MODE ECL/TTL
v IgcemA IR« MA Ipg/IeeeMA IpermA
05000 193 286 . 286/11 . 309 (206/11) *
@3so0 130 170 17416 193 (178/14)
01300 108 131 13e/14 157 (143/16)
omsoo 130 170 17414 193 (179/16)
ESS=sEmsms=ssssscessEEEELECEECEZEEECESESS=e—ssomsEmEes

* numbers in parenthesis are for use in
temperature derating

Add the overhead current drain to the appropriate current
diesipation sum already computed:

SUM OF MACROS I
SUM OF MACROS I

cc * Icci

OVERHEAD
e * IEg|

OVERHEAD

¢ MULTIPLY BY THE WORST-CASE CURRENT MULTIPLIER (WCCM)

Multiply the results by the appropriate worst-case
current multiplier to obtain the worst-case ICC and
Worst-case Ip, current. Unless the circult uses a
single-power supply these two sums must be kept separate.

(SUM OF MACROS I.. + OVERHEAD Igc) * WCCM = Ionuo
(UM OF MACROS Ipp + OVERHEAD Igp) * WCCM = Ipp.c
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® MULTIPLY BY THE WORST-CASE VOLTAGE

The worst-case voltage 1es dependent on whether the
circuit is COMMERCIAL or MILITARY. The typical variation
is shown in Table 5-4. For COMMERCIAL circuits, the
voltage varlatieon is usuvally #5%. For MILITARY circuits,
the voltage varlation 1s usually +10%. Note the
worst~case voltage for the -4.5V supply as listed in
Table 5-4 and on the data sheet.

TABLE 5-4
WORST-CASE VOLTAGE
NOMINAL COMMERCIAL HMILITARY
+5.0V +5.25V +5.,5V
=-5.2v -5.46V ~-5.72v
-4,5v -4.8V -4.8V

Multiply the worst-case current with the appropriate
worst-case voltage:

IBEwc * vEEwc

Teowe * Veowe

® SUM THE RESULT

Sum these together. If there are ECL outputs, compute
the ECL static power dissipation and add to the sum. The
result is the total worst-case power dissipated by the
circult on the target array.
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® ECL STATIC POWER

The equation used by the AMCC MacroMatrix ERC software to

compute ECL static power dissipation for ECL outputs is:
XXmA * 1,3V * NUMBER_OF_ECL_OUTPUTS

where XX is the current based on the termination.

The 1.3V term represents the absolute average of the
-0.BV to -1.8V (NOM) voltage drop in the output
transistor. This is considered to be the statistical
worst-case for this function.

® ECL OUTPUT TERMINATION CURRENT

Table 5-5 provides the ECL output termination currents
used by the AMCC MacroMatrix ERC software to compute the
general case. The currents shown are the average current
{average of Ioy and Ig) for 50% terminations active.

TABLE 5-5
ECL 10K/100K TERMINATION CURRENT

T s o o i o o . e . o o

* the average current (average of Iy and Ig)
for 50% terminations active

If other ECL output load resistances are uged, the actual
current value must be computed for use in this equation.
The termination current can be computed using the
equation:

I = (0.7%v) /R for any R.
The duty cycle of the outputs will also affect this
value.

5-13
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PACKAGE SELECTION

AMCC offers an assortment of packages for the Q5000
Series Loglc Arrays. The maximum external pin counts for
these arrays are shown in Table 5-6. AMCC standarg
packages for each array are presented in Table 5-7. For
any speclal packaging requirements, please consult AMCC,

Package selection requires that the designer have two
computations completed: 1) the total maximum worst-cage
power dissipation; and 2) the total number of array pads
required. The array pads required is provided by the
AMCC MacroMatrix ERC software Population Check Report and
is the sum of all signals, all power (fixed and added)
and all ground (fixed or added) pins as indicated on the
schematice. The report is labeled as "EXTERNAL PIN
COUNT".

The designer also needs the current AMCC Packaging
Brochure, which lists the package options for the bipolar
arrays as well as the tables providing the ejc and eja
and the reductions possible with forced air and
heatsinks. AMCC placement instructions are required for
the placement of added power and grounds for the Q50007
packages. Placement is pad-restricted and all added
power and grounds sheuld attach to internal package
planes and not to external package pins.

Compute the junction temperature for the product grade
(MILITARY or COMMERCIAL) baged on the specified operating
environment, i.e., temperature; heat sink, 1f any; air
flow, 1f any; etc.
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TABLE 5-6
ARRAY PAD COUNT LIMIT

REQUIRED CIRCUIT TOTAL
ARRAY POWER-GROUND I/0 PAD EXTERNAL
NAME PADS ** LIMIT PADS
Q5000T | 24 *> 160 184 *
Qisoor i 28 120 148
Ql3gor | 16 76 92
QM1600T | 28 106 134

* ARRAY PAD LIMIT
** FIXED POWER-GROUND PADS; ALL MUST BE USED

TABLE 5-7
AMCC STANDARD PACKAGING MATRIX

Ql300T QM1600T Q35007 Q5000T
64 LDCC 40 mil center b
84 LDCC 50 mil center X
100 LDCC 25 mil center X
x

100 LDCC 50 mil center X X X
132 LDCC 25 mil center X X x
196 LDCC 25 mil center X
68 PGA cavity down X

84 PGA cavity down X

100 PGA  cavity down b X X X
148 PGA cavity down X X
224 PGA cavity down x

The QM1600T 148 PGA provides 106 signal and 28
pover/ground pins. The Q3500T PGA provides 120 signal
Pins and 28 power/ground pina. For specific information
g;llcghe power/ground pins and packaging planes consult
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AMCC has custom designed certain packages t¢ accommcdate

high-speed requirements. Special packages such as the

100 LDCC with 25 mil spacing, the 196 LDCC, the B4 PGA

and the 224 PGA have been designed to significantly

decreace crosstalk, reduce ground bounce and decrease

thermal resistance. These packages include:

¢ Customized cavity and bonding finger layout to match
each array and package combination.

e Controlled impedance for minimunm ringing and
reflection.

e Power pads bonded to a common package power plane to
minimize lead resistance and improve shielding effects.

e Minimum inductance on the power and signal pins.

e Ground traces between signal pins.

e Ground planes above and below signal pins for complete
isolation.

e Adjacent signals isolated by alternating bonding
shelves.

e Optional external bypass capacitors provided.

e Heat spreaders for low thermal resistance.

e Thermal vias for improved thermal conductance.

AMCC prefers that you use only AMCC-standard packages for
the Q5000T.

For frequencles above 400 MHz, consult AMCC during

package selection for your application. For power
dissipation above 12 Watts. consult AMCC.

5-16
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ECL DC QUTPUT VOLTAGE TRACKING

The data sheet provides ECL VOH and VOL DC parameterics
for both ECL 10K and ECL 100K under speclfic test
conditiens. Table 5-8 lists the tracking characteristics
to estimate the variance in VOH/VOL ag an independent
function of voltage (Vgg) and temperature.

TABLE 5-8
ECL ELECTRICAL CHARACTERISTICS
OUTPUT VOLTAGE TRACKING RATE WITH TEMPERATURE
OUTPUT VOLTAGE TRACKING RATE WITH SUPPLY VOLTAGE

b Yo, Py Fg

dar ar dvEE* dVEE*
unitas: | mvsoc  mvroc v mre
BCL 10k +1.0 w08 av0iioe "
ECL 100K +0.8 -0,5 +30 +100

Loading is 50 ohms to VTT = =2,0V
* For +SV REF ECL, the voltage is Vees

To estimate values at a target condition from a
referenced measured value taken at a specific VEE and
temperature, apply the appropriate value from Table 5-8
to the change in Veggs junction temperature, ambient
temperature or case temperature. If the temperature or
voltage of the target condition 1s increased over the
Mmeasured condition, the table values are taken directly.
If the new condition is at a lower temperature or
voltage, the sign for the appropriate adjustment value in
the table should be reversed.

5-17
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ECL OUTPUT VOLTAGE TRACKING - DATA SHEET CONSIDERATIONS

Estimations are more complex if the data sheet is used as
the reference. The temperature conditions on the data
sheet assume a specific eja or ejc' while the array being
conaidered may have a different thermal resistance due to
package selection, heatsink, forced ailr, etc.

To estimate VOH . VOHpayr VOLpy, or VOLpay at a
specific target temperature, both the data sheet and
target temperatures must first be converted into junction
temperatures.

Tracking can now be determined the same as above by using
the table (TABLE 5-8). The target junction temperature
can be computed by calculating or estimating the thermal
resistance for the operating environment of the chip.

Note 1 on the data sheet identifies the assumed thermail
reeistances for ECL 10K, and Note 3 implies maximum
junction temperature for ECL 100K (+130°C for COMMERCIAL
and +150°C for MILITARY). At high target temperatures,

IEE derating ae a function of temperature can be factored
into the conversion calculations to obtain further

accuracy.

WHile the data sheet provides minimum and maximum values,
the actual D.C. value for a given process lot or
environment will £all somewhere within the range. To
estimate actual values at various Vge and temperature
conditions, the reference should be a measured value,

5-18

Y



.

POMER/PACKAG ING (804)
Ige DERATING WITH TEMPERATURE

TABLE 5-9
CORE CURRENT VARIATION WITH TEMPERATURE *

The ECL core, overhead and interface macro current Igg is
a function of temperature variations. For +5V REF
ECL/TTL circults, it applies to ICC in the core and that
current in the ECL macros as well as to the ECL portion
of the overhead. Use the parenthisized values from the
overhead current table.

Worgt-case current occurs at gold temperatures. All
computations in the AMCC Design Manual are for the
worst~-case maximum IEE'
Derating i1z done from the Jjunction temperature, Tj' ECL
bParametrics are measured at thermal equilibrium and Tj is
assumed to be close to 0°C when T, = -55°,

I
BBy ypical at T, = IEEtypical * (1 - (0.001 * Ty,

E * WCCM * (1 - (0.001 * T,
maximum at TJ EEtypical 1)}
where T. js the desired junction temperature after
airflow, heateinking and ambient controls are in place.
Or, T, is the actual junction temperature taken from

thermal diode measurements.
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EXAMPLE COMPUTATION FOR IEE

a

For a maximum worst-case Ip. as computed using the '
methods in this section of 284mA, a junction temperature
of 125 in a Military circuilt, the derated maximum Ice
would be:

=284 * (1 - .001%125)
(284 already includes the WCCM = 1.4 multiplier)

= 284 * (.875)

= 249 mA (rounded)

Von
SPECIFIED ACTUAL JUNCTION ACTUAL AMBIENT
CONDITIONS  TEMPERATURE TEMPERATURE
Ambient 25 25 - 40 o
Junction 75 50 65 oc ‘
Y VCC-a -1.6{25) +1.6{15) v A
Gja given i, computed same

The data sheet calls out (VCC - a), adjust down for the
lower junction temperature and then adjust up for the
higher amblent temperature.

To adjust for power supply varlation, compute the

difference (-5.5 veB -5.2), multiply by adjustment
constant from the table (0.3 * 0.03).
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