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PRODUCT DESCRIPTION

SECTION 1. H4CPlus™ SERIES PRODUCT PROFILE

i€

1.1 DESCRIPTION

The H4CPlus Series arrays feature 3.3V, 5V and
mixed-voltage capability, high-speed interfaces, and an
analog PLL for chip-to-chip clock skew management.
The gate length has been reduced to 0.65 pm Leff to
provide optimum performance in a mixed-voltage envi-
ronment.

The low- and mixed-voltage capability lets designers
customize the H4CPlus arrays to fit power and perfor-
mance needs. All H4CPlus arrays have dual Vpp rails
with custom power/ground bus tying to power input and
output buffers for all 3.3V, all 5V or a mix of system volt-
age levels. Additionally, the core of the arrays may be
powered by either 3.3V or 5V.

New, high-speed CMTL™, GTL™, and PECL macros
offer enhanced chip-to-chip communication. Motorola’s
CMTL (Current Mode Transceiver Logic™) interface
enables differential operation up to 400 MHz and up to
200MHz for single-ended configurations with active ter-
minations. GTL inputs and outputs, and a PECL input is
also available for additional interfacing options.

Also, new PCI (Peripheral Component Interface)
compliant I/O buffers are available in 5V and 3.3V ver-
sions.

Each array may have two Analog PLLs, one embed-
ded into each of two corners of the die, for on-chip clock
signals up to 125 MHz with only 250ps jitter and in-
cludes on-chip clock synthesis.

Other design features include metal RAMs, ESSD/
LSSD scan macros and JTAG boundary scan macros.

H4CPlus Series Features

® o o o o o o o

Table 1-1 H4CPlus Series Arrays

0.65 pum Leff, channeliess, 3-metal gate
arrays

Typical gate delay of 280 ps at 5V and 420
ps at 3.3V (NAN2, FO=2)

Low power, 1uW/gate/MHz (3.3V), 3uW/
gate/MHz (5V)

3.3V, 5V or mixed system and core voltage
levels

Custom power bus tying and ground bus
isolation for special power needs

Configurable 1/O cell supports 2 to 24 mA,
up to 48mA using dual 1/O cells

PCI compliant 5V and 3.3V I/O buffers
High-speed CMTL interface

GTL /O and PECL input macros

Analog PLL for clocks up to 125MHz

JTAG 1149.1 boundary scan

ESSD/LSSD scan macros

Single-, dual-, and quad-port metal SRAMs
Powerful design environment using Mentor

Graphics’ Falcon, Cadence’s point tools,
and Motorola design tools

OMPAC™ ball-grid array, MicroCool™, and
PQFP packaging

H4CP028 28,400 239 176 160 128-169
H4CP048 48,100 287 216 208 128-225
H4CP075 74,520 337 256 256 128-225
H4CP109 109,368 391 304 312 160-313
H4CP146 145,544 438 344 360 160-313
H4CP178 178,000 476 376 400 160-313

H4CPlus Series Design Reference Guide

MOTOROLA
1-1




PRODUCT DESCRIPTION

1.2 HIGH-PERFORMANCE TECHNOLOGY

The H4CPIus Series uses a self-aligned twin tub pro-
cess in which n-type and p-type wellimplants are driven
together to form deep, balanced wells to improve short
n-channel transistor performance, see Figure1-1. A
lightly doped drain (LDD) diffusion is used to reduce hot
carrier injection effects caused by a high electric field in
the short channel transistors. A highly-reliable multi-
layer metal structure is achieved by a planarization
technique using tapered contacts and vias.

p-Substrate

The combination of a small feature size and a thin
gate oxide coating provides both high gate density and
low power dissipation. The typical power dissipation for
internal gates is only 1uW/gate/MHz at 3.3V and 3uW/
gate/MHz at 5.0V with a load of 0.05 pF (fanout = 1).

PSG
Passivation

‘L Polysilicon

Gate Oxide

Figure 1-1 HACPlus Series CMOS Device Cross-Section

1.2.1 The H4CPlus Primary Cell

The primary cell consists of four pairs of n- and p-
type transistors. The transistors are the same size to
optimize both gate density and routability. The primary
cell is used to configure all H4CPlus Series macrocells.

P-Channel
Transistor

Figure1-2 shows half of a primary cell (two p-type and
two n-type transistors) configured in a 2-input NAND
gate (NAN2). The typical gate delay for a 2-input NAND
with a fanout of 2 is 280 ps at 5V and 420 ps at 3.3V.

N-Channel VDD
Transistors

e

B———‘":[H X

\—I

VSS =

Figure 1-2 2-Input NAND Gate Implemented Within Half of a Primary Cell

MOTOROLA
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1.2.2 Triple-Layer Metal Routing

A triple-layer metal (TLM) structure provides superior
routing access to configure and connect macrocells
and distribute power and ground, see Figure1-3.

Figure 1-3 Triple-Layer Metallization

PRODUCT DESCRIPTION

One important benefit of TLM routing is improved
routability for higher gate utilization. TLM also provides
improved clock distribution by moving the clock signals
to the top metal layer where the capacitance per unit
length is 30% less than the lower metal layers due to a
thicker dielectric layer. In addition, TLM reduces inter-
connect delays typically by 10% with shorter intercon-
nect lengths and improves power distribution.

¢ Gate Ensemble™ Place and Route

The design of the routing layers is accomplished with
Cadence’s Gate Ensemble place and route system.
Some of Gate Ensemble's capabilities include timing
driven layout (net and path constrained), soft/firm
grouping of macros, clock-tree synthesis, incremental
layout changes, and highly accurate distributed RC cal-
culations. In addition, the power-bus router automati-
cally uses single-, double-, or quadruple-width power
tracks to optimize performance while minimizing spent
routing channels where needed.

* PrediX™ Floorplanning

PrediX is Motorola’s patented floorplanning and
routability analysis tool that enables designers to pre-
dict and improve routing congestion especially in com-
plex circuits. PrediX is easy to use and interfaces with
Gate Ensemble to assure the desired results in layout
and timing.

1.3 THE H4CPlus SERIES LIBRARY

The H4CPlus Series library is an optimized set of
macros containing a complete suite of I/O functions,
combinatorial and sequential functions. Many basic
logic functions come in several versions including stan-
dard/high-drive capacity and scan/non-scan to provide
you with the widest choice of functions.

1.3.1 /O Functions

The H4CPlus Series 1/O cells, see Figure1-4, are
configurable into inputs, outputs, bidirectionals, oscilla-
tors, JTAG 1/O, CMTL, GTL, and PECL interfaces. The
standard CMOS, TTL, slew control, 3-state, open-drain
and Schmitt-trigger /O functions are available as well.
The /O cell also provides pull-up and pull-down resis-
tors, active terminations for CMTL, voltage translation
between 3.3V and 5V levels, and power and ground
connections.

e 3.3V, 5V and Mixed-Voltage /O
The I/O cell can support any combination of 3.3V and
5V in system and core voltage requirements. This is ac-
complished with a voltage translator to translate be-
tween logic levels based on the system and core

H4CPlus Series Design Reference Guide

voltages, see Figure1-4.

Configurable Output

Active Terminations
Figure 1-4 HACPlus Series /O Cell

Low-voltage interfaces are important in systems
requiring low-power since most of the power dissi-
pated in ICs occurs in the outputs. However, perfor-
mance is usually sacrificed for lower power. The
H4CPlus Series I/O offers all combinations of system

MOTOROLA
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and core voltage levels to meet power and perfor-
mance goals. For example, the ONL8 is a 12mA out-
put for a 3.3V/3.3V (3.3V core with 3.3V Input/Output.
It's power dissipation is about 56% less than the 5V/5V
ON8 output, but it is 41% slower at 100pF, see
Figure1-5. The ONLX8 (3.3V/5V) and the ONX8 (5V/
3.3V) is moderately slower than the ONS8.

Tplh (ns)

0 L L A 1 A 1 A L A
0 20 40 60 80 100
Load (pF)
Figure 1-5 Performance Comparison of 12mA
Output Buffers

¢ PCI /O Buffers

PCI (Peripheral Component Interface) is emerging
as a new high performance local bus architecture. It is
a highly flexible, processor independent architecture
that has applications in low- to high-end desktop, server
and low-power, mobile systems. Motorola offers PCI
compliant 3.3V and 5V /O buffers to allow connection
of H4CPlus arrays to any PCI local bus “speedway”.

e CMTL Interface

Motorola’s new Current Mode Transceiver Logic
(CMTL) buffers provide a low-power alternative to
high-speed interfaces. On-chip active termination
allows for the lowest possible power dissipation while
enhancing the performance. They may also be config-
ured with external 50Q terminations in bi-directional or
PECL applications. The flexibility of this design allows
simple, direct interfaces to ECLinPS or other ECL-level
chips operating in a PECL environment with standard
terminations.

MOTOROLA
1-4

Applications for CMTL range from video to telecom-
munications to tightly-coupled processor/cache inter-
faces. /O pair delay is less than 2ns worst-case.
Systems are no longer limited by slow buffers for criti-
cal chip-to-chip paths.

¢ GTL Interface
GTL is able to drive system backplanes while still oc-
cupying only a single 1/O site for 50Q and two sites for
25Q. This licensed implementation provides a high-per-
formance bus interface driver for use in RISC/CISC
processor applications at system bus speeds well in ex-
cess of 50MHz.

¢ PECL Input Buffer

Standard Pseudo ECL voltage inputs created by
ECL logic functions or special clock control and distri-
bution chips can be brought directly into the chip in
either differential or single-ended configurations.

e JTAG Boundary Scan /O

The H4CPlus Series 1/O cell has JTAG logic built-in
to minimize the impact on performance and gate over-
head. Also, the JTAG control and scan data signals be-
tween 1/Os are connected automatically by design.

e Selectable Output Drive

Up to 24 mA is available from a single 1/O cell, two
cells may be paralleled for up to 48 mA drive from a sin-
gle output pin. (All JTAG outputs and bidirectionals are
not parallelable, but have higher current capacity ver-
sions available.) Unused output drivers may also be
used to drive highly loaded internal signals such as
clock networks.

¢ Slew Rate Control

Slew rate control outputs are available to reduce sys-
tem SSO noise as well as over-shoot and undershoot
of output signals caused by fast rise and fall times. All
4 and 8 mA output buffers have a moderate (10%) and
slow (30%) slew control version.

¢ Oscillators
Three different oscillator /O macros are available on
the H4CPlus Series arrays: non-inverting buffer, clock
buffer, and Schmitt trigger versions. These macros can
be configured for ceramic resonators from 32 KHz to
above 60 MHz with quartz crystals. Please see Section
3.3.5 for details on using these oscillator /O macros.

H4CPlus Series Design Reference Guide



1.3.2 Macrocells

The mature H4C Series library has been optimized to
a set of the most popular and efficient functions, includ-
ing several new scan macros, for the H4CPlus library.
All H4CPlus macrocells have been characterized at
typical operating conditions for 3.3V and 5.0V operation
for the highest modelling accuracy. A summary of avail-
able macrocell types is shown in Table 1-2.

Table 1-2 Summary of Macrocells

AND 7
NAND 11
OR 7
NOR 11
EXOR 3
EXNOR 2
AN, A/O, O/N, O/A 22
Inverting Buffer 9
Non-Inverting Buffer 8
3-State Buffer "8
D Flip-Flop 21
Latch 11
Multiplexer 13
Decoder 4

. Adthmetic | 9
Misc: 5

0.8

0.7

0.6

2 os
z
3 04
g
& 03
5 NANZ2 (3.3V)
0. NAN2B (3.3V) -
NANZH (3.3V) |
——o— NAN2(5V)
0.1 ——o—— NAN2B (5V) -
- ——o—— NAN2ZH (5V) .

0.0 1 1 L 1 L 1 1
0 1 2 3 4 5 6 7 8

Fanout
Figure 1-6 Performance of NAN2 Macros
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Several types of macrocells come in high-drive, bal-
anced slew-rate, or complementary output versions.
High-drive versions provide improved performance on
nets with high fanouts. Balanced slew rate versions of
macrocells provide more symmetrical rise and fall siew
rates with slightly better performance than standard
macros. For example, Figure1-6 shows the NAN2H at
3.3V and 5V to have better performance than the bal-
anced and standard-drive NAN2.

Table 1-3 Summary of Special Functions

Metallized SRAMs 24
Analog PLL 1
Internal JTAG 6

¢ Metallized SRAMs

The metal SRAMs are a family of asynchronous sin-
gle, dual, and quad-port blocks up to 2304 bits. These
RAMs are gate array based (not diffused), and are an
excellent choice for small memory block applications
such as “scratch-pads” or FIFOs.

Table 1-4 Sizes of Metallized SRAMs

8x8 8x9 16x18
8x18 8x18 16x36
16x8 8x36 32x18
16x18 8x72 32x36
16x36 16x9
32x8 16x18
32x18 16x36
32x36 16x72
64x18 32x9
64x36 32x18

32x36

32x72

MOTOROLA
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1.4 SPECIAL DESIGN FEATURES

The H4CPlus Series offers solutions to many of to-
day's design problems. Increasing application com-
plexities place higher demands on performance, clock
skew management, testability, I/O capability and work-
station based design environments. This section de-
scribes some of the special features of the H4CPlus
Series that provide solutions to these problems.

1.4.1 Design for Testability

The time and cost to test an ASIC increases expo-
nentially as the complexity and size of the ASIC grows.
Using a design for test (DFT) methodology allows large,
complex ASICs to be efficiently and economically test-
ed.

Motorola supports several DFT methodologies, in-
cluding ESSD/LSSD scan and JTAG boundary scan

e ESSD/LSSD Scan

Motorola offers Edge Sensitive Scan Design and
Level Sensitive Scan Design (ESSD/LSSD) versions of
flip-flops, latches and other functions in the H4CPlus
Series library.

¢ JTAG Boundary Scan

Motorola’s JTAG I/O and JTAG control macrocells
are designed to conform to the IEEE 1149.1 JTAG
boundary scan specification. The JTAG 1/0 macrocells
are designed to optimize performance and minimize sil-
icon overhead by embedding all sequential and multi-
plexing logic within the I/O sites of the array.

MOTOROLA
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1.4.2 Clock Distribution and Management

ASICs are becoming an integral part of system de-
sign and are regularly found interfacing with multiple
chips including other ASICs, microprocessors and
memories. Optimizing performance of such systems
rests on maximizing communication between chips us-
ing synchronous interfaces. Clock skew control and
distribution, both on-chip and between chips, is of criti-
cal importance.The Motorola solution to clock manage-
ment is to use the clock tree to control skew on-chip
and an analog PLL to control clock skew between
ASICs.

¢ Clock Distribution

Motorola offers clock tree synthesis during layout to
build balanced clock distribution networks or clock
trees. Clock trees are load-balanced networks that syn-
chronizes clock signals for all on-chip sequential ele-
ments. Clock trees have a minimal effect on design
routability, critical data paths, timing driven layout and
floorplanning.

¢ Analog Phase Locked Loop

Motorola’s analog PLL (APLL) may be used to syn-
chronize multiple ASICs up to 125MHz (VCO/2). The
APLL is an embedded function and requires 6 (CMOS)
or 7 (PECL) pins for VCO control, reference frequency,
test, and power signals (see Section 3.8). No external
filters are needed.

An APLL is diffused into two opposite corners of all
H4CPlus arrays. No area within the core of the array is
used so the APLL does not reduce the total gate count.

H4CPlus Series Design Reference Guide
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SECTION 2. THE OPEN ARCHITECTURE CAD SYSTEM

2.1 INTRODUCTION

Motorola is in partnership with several leading CAD/
CAE vendors to integrate the best design tools in the in-
dustry into one system. In many cases, Motorola has
been instrumental in the definition and refining of key
third-party design tools.

To satisfy specific CAD requirements, Motorola has
developed several design tools to perform netlisting
and translation, rule checking, delay and timing calcu-
lation, fault grading and automatic test pattern genera-
tion, floorplanning, test vector analysis and processing.

This section briefly describes Motorola’s OACS ASIC
design system and design options.

2.2 THE OPEN ARCHITECHTURE CAD
SYSTEM

The Open Architecture CAD System (OACS) offers
a highly versatile and powerful design environment for
the design of Motorola’s H4CPlus, H4C Series, and
HDC Series CMOS arrays. The system integrates sev-

eral of the industry's most powerful design tools with
Motorola's high-performance tools into a standard EDIF
based CAD environment. The release of this Design
Reference Guide corresponds to the release of two ma-
jor versions of OACS: OACS 2.3 and OACS 3.15M.

OACS 2.3 is Motorola’s point tool CAE solution
based on Cadence’s Concept™ schematic editor, Syn-
opsys’ synthesis tools, and Cadence’s Verilog™ logic
simulator.

OACS 3.15M is Motorola’s framework based CAE
solution using Mentor Graphics’ Falcon™ Framework.
This solution provides support of Mentor Graphics’ de-
sign entry tools and QuickSim Il logic simulation.

The following sections will discuss the OACS design
flow and how each solution fits into the flow.

¢ Motorola design tools:
¢ DECAL™ delay calculator

H4CPlus Series Design Reference Guide

OACS 2.3 and 3.15M Features

EDIF 2.0.0 backplane to provide an open design environment

Supports the following third-party design tools:

¢ Synopsys’ Design Compiler™, DesignWare™, HDL Compiler™ and Test Compiler™ (optional)
e Cadence’s Concept™ schematic capture (2.3)

¢ Cadence’s Verilog XL™ simulator and Veritime™ static timing analysis (2.3)

 Quad Design’s MOTIVE?® static timing analysis (optional) (2.3)

¢ Mentor Graphics’ schematic capture Design Architect

¢ Mentor Graphics’ FALCON™ FRAMEWORK (3.15M)

¢ Mentor Graphics’ QUICKSIM [I™ simulator and QUICKPATH™ static timing analysis (3.15M)
¢ Mentor Graphics’ AutoLogic™ design synthesis tool (3.15M)

¢ FeliX™ diffused SRAM compiler (optional)

¢ Mustang™ automatic test pattern generation (optional)

* TestPAS™ test vector validation and extraction

* ERC and MARV comprehensive electrical and manufacturing rules checking
* PrediX™ floorplanning, routability prediction, and placement tool (optional)

Testability support: ESSD/LSSD scan, JTAG boundary scan, BIST, and scan synthesis
Sophisticated delay and timing limits calculations for accurate simulation and timing analysis

* Estimated and actual (back-annotated) wire capacitances
* Includes intrinsic, rise/fall time, output pin loading and distributed RC delays
* Continuous process, temperature, and voltage variation

* Clock skew management: clock-tree synthesis, PLL, timing driven layout

* Supports multiple technologies: HDCMOS, H4C, H4C-CDA-1C, H4CPlus

» Supported on HP9000/7XX and SUN 4 Sparc® workstations

MOTOROLA
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2.3 THE OACS DESIGN FLOW

From the conception of a design to its fabrication, the
OACS design flow is accurate, efficient, and flexible.
The design flow has three basic phases (see Figure 2-
1): design capture and verification, physical design,
and post-layout design verification.

2.3.1 Design Capture and Verification

¢ Building the Design Directory

The first step is to build the OACS design directory
structure using CREATE_BLOCK. The directory struc-
ture is created automatically in seconds, specific com-
pany and design related information is entered for
DESIGN_INFO.

¢ Design Capture and Synthesis

Next, there is a choice of either schematic capture or
logic synthesis to enter the design into the OACS envi-
ronment. The design can be entered in schematic form
using either Mentor Graphics’ DESIGN ARCHITECT
design entry tool or Cadence’s Concept schematic edi-
tor. If synthesis is used, the design can be described in
Verilog hardware description language, industry stan-
dard VHDL, or truth tables for input to Synopsys’ syn-
thesis tools. Based on the OACS version being used,

Synopsys either transfers the design to Mentor Graph-
ics’ EDDM database via Synopsys’ Falcon Integrator™
or creates a basic EDIF netlist which specifies the Mo-
torola macrocells and describes their connectivity in the
design. In the latter case, EDIFMERGE processes this
basic EDIF netlist to include additional information such
as cell properties and package pin assignments. The
design VHDL description can also be input to Mentor
Graphics’ AutoLogic for design compilation and EDDM
database creation.

If the design requires memories they can be selected
from several single-, dual-, and quad-port SRAMs in the
H4CPlus Series library.

e Netlist Generation

NETLIST accepts schematic data or an EDIF netlist
from EDIFMERGE to translate designs into an EDIF
netlist, Verilog netlist, control files, and templates of
other necessary files as needed by each of the OACS
versions.

¢ Netlist Verification

After the EDIF netlist is ready, ERC scans the netlist
and checks for violations in connection, 1/0, and pack-
age pin rules.

Table 2-1 OACS DESIGN TOOLS

g

ry

DESIGN_INFO

Collects design-specific information
DESIGN ARCHITECT |Invokes Mentor's DESIGN ARCHITECT design entry tool
ASIC_CONCEPT |Invokes Cadence’s Concept schematic capture tool
SYNOPSYS Invokes Synopsys logic compiler
EDIFMERGE /Appends Motorola specific properties to Synopsys connected EDIF netlist
NETLIST Creates netlists and control files from schematic or EDIF descriptions

ERC Checks netlist for violations

DECAL Calculates delay and timing data

[QUICKSIM H Invokes Mentor Graphics’ QuickSim |l simulator
ASIC_VERILOG ]Invokes Cadence’s Verilog simulator

QUICKPATH ﬁvokes Mentor Graphics’ QuickPath Static timing analysis tool
ASIC VERITIME Invokes Cadence’s Veritime static timing analysis tool
MUSTANG Fault detection and automatic test pattern generation
MOTIVE Quad Design timing analysis tool

TestPAS Test vector merging and verification

ASIC_ORV Checks data file and tool run sequence
ASIC_RELEASE Automatically writes design data to tape

PrediX Motorola’s floorplanning and routability prediction tool

MOTOROLA H4CPlus Series Design Reference Guide
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OACS

[CREATE_BLOCK:- Initialize Design]

[ DESIGN_INFO - Collect Data 1

( Behavioral Description )

[ verilog/QuickSim Il - Behavioral Simulation J|

[ Synopsys - Logic/Test Synthesis | [ Autol.ogic - Logic/Test Synthesis |

EDIFMERGE - Netlist Translation ]  [Falcon Integrator - Design Translation]

EDIF Netiist
ASIC_CONCEPT -Cadence Schematic | [ Design Architect - Mentor Schematic |
Database Mentor EDDM Database

[ NETLIST - Netlists & Control Files]
EDIF & Verliog Netlists, Control Files ERC - Electrical Rules Checking

Creates Netlist if required
[ ERC - Electrical Rules Checking |

[ Verilog - Functional Simulation | [QuickSim it - Functional Simulation}

Estimated Metal Lengths and Capacitances

DESIGN CAPTURE AND VERIFICATION

[ DECAL - Estimated Timing |}
Estimated Timing Data *
[verilog - Estimated Timing Simulation §

ickSim Il - Estimated Timing Simulation
Invokes TimeBase

Scan Test Pattern Test Pattens

[ TestPAS -Test Pattern Processing |
Verified Test Pattern
[ ASIC_RELEASE - Release Files |
EDIF Netlist, Layout & Test Vector Data
[ Gate Ensemble, Dracula - Layout }
Actual Metal Lengths and Capacitances

| DECAL - Back-Annotated Timing ] )
Actual Timing Data QuickSim I Back-Annotated Timing

latio TimeBase
[ Verilog - Post-Layout Simulation |

{ Release to Motorola |

POST-LAYOUT DESIGN PHYSICAL
VERIFICATION DESIGN

Figure 2-1 OACS Design Flow
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OACS

¢ Pre-Layout Simulation and Timing Analysis

Before releasing designs for layout best and worst-
case simulations must be performed using Verilog or
QuickSim Il. For OACS 2.3, DECAL calculates delay
and timing data based on intrinsic delays, net and gate
loading, slew rate effects, and net RC delays. For
OACS 3.15M, TimeBase™ (Mentor Graphics’ Central
Delay Calculator) is invoked by QuickSim Il to calculate
the delay and timing data based on the same informa-
tion as DECAL.

* Static Timing Analysis

Static timing analysis is optional and is supported on
Mentor Graphics’ QuickPath, Cadence’s Veritime, and
Quad Design’s MOTIVE. Also, automatic test pattern
generation and fault grading is available on Motorola’s
Mustang tool.

e Test Vector Processing

TestPAS is a system of tools that process your sim-
ulation and scan test vectors into vectors that are com-
patible with automatic IC test equipment.

2.3.2 Physical Design

¢ Floorplanning and Placement

Prior to release, designer’'s may elect to floorplan
their design to optimize for density or performance. Pre-
diX, Motorola’s floorplanning tool, allows experimenta-
tion with various floorplans to achieve gate density and
performance goals. In addition, the designer may elect
to use PrediX to place design components onto the
base array to improve the accuracy of the pre-route de-
lay estimation.

* Routability Prediction

A Unique feature in PrediX is it's patented routability
prediction capabilities. PrediX, void of floorplan and/or

placement information, will give the designer immedi-
ate insight into the designs routability

¢ Place and Route

Physical design is performed by Motorola's Option
Development Engineers (ODE). An ODE is dedicated
to each option and works directly with designers to sat-
isfy layout requirements. Options such as timing driven
layout and clock tree synthesis are available to optimize
silicon performance. Upon completion of the physical
design, back-annotation data of actual wire routing
lengths and RC parasitics are provided for post-layout
verification and simulation.

2.3.3 Post-Layout Design Verification

The post-layout design verification is performed by
the customer to assure that the physical layout of the
design satisfies all performance and timing require-
ments. Post-layout simulations use the actual wire
lengths and RC parasitics obtained from the physical
layout to provide simulations that represent the circuit's
behavior in silicon. Following a successful post-layout
design verification and customer sign-off, Motorola be-
gins manufacturing of the ASIC design.

2.4 OACS TECHNICAL SUPPORT

Motorola produces a complete set of manuals and
provides direct access to technical assistance to sup-
port the OACS tools.

Accompanying the OACS software are five manuals
which provide all the information needed to complete a
successful ASIC design.

Motorola also offers on-line technical assistance
from several regional design centers (RDCs) and CAD
applications engineers to handle any problems. The
RDC engineers are fully trained in the OACS software
and third-party tools as well as in ASIC design.

Figure 2-2 OACS 2.3 and 3.15M Documentation

MOTOROLA
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DESIGN CONSIDERATIONS

SECTION 3. DESIGN CONSIDERATIONS

3.1 INTRODUCTION

This chapter describes the special features and de-
sign considerations of the H4CPlus Series arrays in-
cluding 1/O macros, power and ground requirements,
power estimation, delay calculations, metallized
SRAMs, and operation and use of the analog PLL.
Where applicable, supporting documents such as ap-
plication notes are cited for additional information.

3.2 GENERAL DESIGN INFORMATION

Core macro cells may be powered by either of the
two basic supply voltages 3.3 V or 5.0 V. There is no
core power segmentation. All core macro cells are fully
characterized at both voltages. Core macros use the
same name for both voltages, for example, a two-input
“AND” gate would use the macro name, AND2, regard-
less of the selected supply voltage. I/O macros all have
unique names. Not all /O macros can be used with a
single core voltage. When a core voltage is selected, a
library containing the appropriate set of core macro
switching characteristics is selected and the appropri-
ate subset of I/O macros is then available for use. For
a 5.0 V core (4.0-5.5 V), the library is H4CP5; for a
3.3 V core (2.7-4.0 V), the library is H4CP3.

For mixed voltage designs, the recommended pow-
ering sequence is to always activate or deactivate the
highest voltage supply first for turning on or off the ASIC
respectively.

3.3 HACPlus SERIES /O MACROS

This section describes the 1/O cell and its various
configurations as input, output, bidirectional, system in-
terconnect, and oscillator macrocells. Included are de-
sign rules for I/O macros and oscillator pin placement.

The I/O cells provide all possible signal translation
between mixed 3.3 V and 5.0 V systems. Input cells are
powered from the core supply (VDD) independent of
the input signal swing. Each output cell may be pow-
ered with either 3.3 V or 5.0 V independent of the core
power supply.

The 1/O cells that encircle the gate array core are de-
signed to be highly-flexible and configurable into nu-
merous I/O macro combinations. Each I/O cell contains
input and output drivers, pull-resistors, ESD protection
diodes and JTAG circuitry (see Figure 3-1).

H4CPlus Series Design Reference Guide

/O Cell Configurations:
¢ Inputs: Standard CMOS and TTL, Schmitt trig-
ger, and high-drive macros
e Outputs: Standard CMOS and TTL, 3-state, and
open-drain in 3 to 48 mA drive capacities
¢ Bidirectionals: all standard I/O types
System Interconnect: CMTL 1/O’s, GTL I/O’s,
PCI I/O’s and PECL inputs (see Section 3.3.4)
JTAG boundary scan /O macros
Oscillator macrocells
Power and ground sites
ENID (enable IDD) test pin (see Section 3.4.7)

Configurable Outpu

=4
o
(&)
>
g
<
H

by
ESD Diodes
Active Terminations

Cbn igufabié Input B

Figure 3-1 Simplified Diagram of the H4CPlus
Series /O Cell

3.3.1 Input Macros

The various input macro configurations include
CMOS, TTL, inverting/non-inverting, Schmitt trigger,
and high-drive clock input macros. Table 3-1 lists the
various types of input macros available. All input
macros are available in a JTAG version. See Section 5
Macro Naming Conventions.

Each input macro symbol, see Figure 3-2, has place
holders for the input signal name (customer defined)
and package pin number (also customer defined).
Three connection ports (PAD, IC and D) are also avail-
able.

MOTOROLA
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Table 3-1 H4CPlus Series Input Macros (Non JTAG)

CMOS Input Logic
ICI . o | o
ICN . . .
ICNH . . .
ICXN . . °
ICXNH . . .
ILCI . . .
ILCN . . .
ILCNH . . .
ILSN . . . .
ILSNH . . . .
ISN . . . °
ISNH . . . .
ISXN . . . .
ISXNH . . . .
TTL Input Logic
ILTXN . . .
ILTXNH . . .
|TN . (] [ ]
ITNH . . .
ITSN . . . .
ITSNH . . . .
INPUT SIGNAL MACRO NAME
NAME
ICI
A% .—c'[>°7°'
PAD ON-CHIP
PACKAGE PIN SIGNAL
NUMBER

Figure 3-2 Example Input Symbol

The internal pull-resistors can be used to prevent the
input macros from floating to an unknown state when
they are not being driven by an external source. When
selected, a pull-up resistor (about 75K ohms), always
tied to the core power bus (VDD), is connected to the
IC port of the input symbol as shown in Figure 3-3, to
provide a high logic state. A pull-down resistor (about
35K ohms), always tied to the output ground rail
(OVSS), may be connected to provide a low logic state.

MOTOROLA
3-2

Differential input or differential bidirectional pins may
use pull-resistors. If pull-resistors are used on differen-
tial inputs, two pull-resistors must be used, one pull-up
on IC and one pull-down on IC2 or the reverse, but not
one input with a pull-resistor and the other input with no
pull-resistor.

Pull-resistors are not meant to replace external pull-
up or pull-down resistors which are attached to 3-state
open-drain buses.

XXX
paD|| 2 | 1c

Figure 3-3 Example of an Input with a Pull-Up
Resistor

All input macros are tied to the core power bus
(VDD). For a 3.3 V core power bus chip with 3.3 V out-
puts and 5.0 V inputs, input macros must have their
ESD diode connected to 5.0 V. Therefore, OVDD5
must be connected to 5.0 V, even though all outputs
may be 3.3 V macros.

3.3.2 Output Macros

The various output macro configurations include
standard CMOS, TTL, 3-state, slew-rate control, and
open-drain output macros. Note that the number in the
standard output macro name is not the output drive
strength in mA (see Table 3-2). Most output macros are
available in a JTAG version with the exception of 3 and
48 mA drive outputs. See Section 5 Macro Naming
Conventions.

Each output symbol has place holders for the output
signal name and package pin number. Each output aiso
has a threshold-level (CMOS or TTL) property (not dis-
played) and two or three signal ports (DO, EN, and
PAD), see Figure 3-4. The 3-state output macros have
an additional port “EN” for the output enable signal.

The threshold-level property defines the CMOS or
TTL switching level for timing purposes. The default
value is “CMOS".

The 48 mA drive outputs (ON32x) require two 1/O
cells. The location of the output pad within the two cells
is selected through the MASTER_OFFSET property in
OACS. The default for this property is a zero. This plac-
es the output pad in the numerically lower location.
When this property is set to one, the numerically higher
pad is selected.

H4CPlus Series Design Reference Guide



Table 3-2 H4CPlus Series Output Macros (Non
JTAG)

CMOS/TTL Output Logic

ON2x . ° 3[* |
ON4x . . 6 . .
ONB8x . o | 12] e | o o
ON16x . o |24 | » .
ON32x . o | 48] | o .
ONL2x . . 2]

ONL4x . . 3l |-
ONLB8x . . 6|l |
ONL16x . * 12] ¢ | »
ONLX2x i * 2|

ONLX4x ° . 3| e

ONLX8x . . 6]
ONLX16x . . 12 »

ONX2x o o 3]

ONX4x . . 6] ¢

ONX8x . . 12| »

1. See electrical specifications for additional information.
x = Suffix such as S2, T, and OD.

3.3.2.1 Slew Rate Control Output Macros

Fast signal transitions and simultaneously switching
outputs can cause crosstalk on adjacent signal pins
and power bus noise. Output macros with the slew rate
control can be used to slow the transition times of the
output signal and reduce both types of noise. The slew
rate control option is available for all ON4 through
ONB32 type output macros. Outputs with the “S2” suffix
(ON4S2, ONBS2, etc.) provide a slew rate reduction of
about 10% for ON4S2, ON8S2, ON16S2, and ON32S2
with 25, 50, 100, and 200 pF loads respectively.

MACRO NAME OUTPUT SIGNAL NAME

\ON16T \

XXX

DO ol \PAD

EN PAD
PACKAGE PIN NUMBER

Figure 3-4 Example Output Symbol (3-State)

H4CPlus Series Design Reference Guide
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3.3.2.2 3-State Output Macros

3-state output macros are commonly used in bus ap-
plications when a high-impedance state is desired
when the output is not used. For bidirectional 3-State
macros, pull-resistors can be used to force the output
to a “weak” low or high state while the output is dis-
abled. However, the pull-resistors are not meant to re-
place external pull-up or pull-down resistors that are
attached to a 3-state bus. The CAD system does not
model pull-resistors on outputs because these resistors
are parametrically checked on the tester but functional-
ly will be over driven by test circuitry. Table 3-3 contains
the states for bidirectional output macros with and with-
out pull-resistors. All 3-state outputs use the “T” suffix
(ON2T, ON16T, etc.).

Table 3-3 Function Table for 3-State Bidirec-
tional Output Macro

L|H L L L
H]H H H H
X | L V4 L (weak) | H (weak)

3.3.2.3 Open-Drain Output Macros

Open-drain output macros are often used to “wire-
AND” multiple control signals on a common bus. The
common bus will maintain a “low-state” as long as one
or more signals is low. This avoids signal contention
causing invalid logic states on the bus. For bidirectional
open-drain macros, an external pull-up resistor is used
to hold the output of the open-drain macro to a weak
“high-state” until a low input forces its output to a “low-
state”, see Table 3-4. Open-drain outputs use the “OD”
suffix (ON20D, ON160D, etc.). Internal pull-resistors
are not meant to replace external puil-up or puli-down
resistors which are attached to an open-drain bus.

Table 3-4 Open-Drain Output Macro Function
Table

L L L
H (weak)

MOTOROLA
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3.3.3 Bidirectional Macros Internal pull-up and pull-down resistors may also be

Bidirectional macros are configured using a 3-state used in bidirectional macros by connecting the resistors
output macro and an input macro, see Figure 3-5. Only to the “BIC” or “BC” ports or on the connecting net.
output and input macros with a “B” prefix can be used to The available outputs and inputs used to configure bi-
configure bidirectional macros. directional macros are listed in Table 3-5.

Table 3-5 Bidirectional Input and Output Macros (Non JTAG)

CMOS Input Logic CMOS/TTL Output Logic
BICI . o | BON2x . . 3 .
BICN . . o BON4x . . 6 o | .
BICXN . . . BONB8x . o [ 12| o [ | o
BILCI . . . BON16x . o |24| o [ | o
BILCN . . . BON32x . o |48| e (o | *
BILSN . . o | o BONL2x . o 2 *
BISN . . o BONL4x . . 3 .
BISXN . . o | o BONL8x . . 6] |-
TTL Input Logic BONL16x o . 12« | o
BILTXN . o . BONLX2x o o 2 .
BITN . . . BONLX4x . * 3 .
BITSN . . o | o BONLX8x . o 6 .
BONLX16x | * o |12 .
BONX2x - . o 3 .
BONX4x . o 6 .
BONX8x . . 12 .
1. See electrical specifications for additional information.
x = Suffix such as §2, T, and OD.
SIGNAL
2N o\
BON16T
XXX
[ole} o] \PAD
BIC PAD
BN PACKAGE
BIC! BC PIN NUMBER
Dt CONNECTION
BY USER
Figure 3-5 Example Bidirectional Macro
MOTOROLA H4CPlus Series Design Reference Guide
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3.3.4 System Interconnect Macros

For high-speed chip-to-chip communications, the
H4CPlus Series arrays support four types of data inter-
face circuitry; Current Mode Transceiver Logic (CMTL),
Gunning Transceiver Logic (GTL), Peripheral Compo-
nent Interconnect (PCIl) and Pseudo ECL (PECL). The
available output and input macros used to configure
each data transmission system are listed in Table 3-7.
Logic level information about each of the four systems

DESIGN CONSIDERATIONS

is displayed in Table 3-8. See Table 3-9 for worst case
operating frequencies. Each of the data transmission
systems has advantages and disadvantages as de-
scribed in Table 3-6. The designer should select the ap-
propriate system or systems for each design. For
detailed application and performance information, refer
to application note AN1521/D, High-Performance
CMOS Interfaces for H4CPlus ™ Series Gate Arrays.

Table 3-6 Comparison of System Interface Types

CMTL yes | yes |[med/high | 600 mV yes yes yes yes
GTL yes | yes low 350 mV no yes yes no
PCI yes | yes |med/high | 250 mV no yes yes no
PECL yes | yes | medium | 140 mV yes no no no

Table 3-7 HACPlus Series System Interface Macros

CMTL Input Logic CMTL Output Logic

BICMD o o o BOD32TCMT . o |
ICMD . . . 032CM . .
ILCMD . . o OD32CMT . e |-
GTL Input Logic OD32TCMT o . *
BIGN . . . ODX32CMT . . .
IGI . o | ODLX32CMT | - * |-
IGN . . . ODL32CMT . . .
BILGN . o ° GTL Output Logic

ILGI . . o BON40G . .
ILGN . . . ON20G . *

PCl Input Logic BONL40G o .

IPCH o . . ONL20G . .

BILPC o . . PCI Output Logic

ILPC o o . BONTPC . .
ILPCH o . . ONPC . .
PECL Input Logic ONTPC . .

IPD . . . BONLTPC . .

IPXD o o . ONLPC . .

ILPD . o . ONLTPC . .

H4CPlus Series Design Reference Guide
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Table 3-8 Logic Levels for System Interface Macros

mi% 9 0.600V | 0.800V | 0.800 | 0595V | 1.400V |0.800V | 1.850 | 0.595V
:i‘;':e margin 0.200V [ 0350V | 1.402 |0.140V |[0.600V | 0350V | 0.400 |O0.140V
'I:';’":e margin 0200V {0350V | 0743 |0.145V | 0600V | 0350V | 0250 |0.145V
Von min 1950V | 1200V | 2.970 | 2275V | 3200V | 1200V | 2.400 | 3.975V
VoL max 1350V | 0.400V | 0330 |1.680V | 1.800V | 0.400V | 0.550 | 3.380 V
Vi min 1750V | 0.850V | 1.568 |2.135V | 2.600V | 0.850V | 2.000 | 3.835V
V)L max 1550V | 0.750V | 1.073 | 1.825V | 2400V | 0.750V | 0.800 | 3.525V

Table 3-9 Worst Case Operating Frequencies (Preliminary)

2 P!
CMTL output 105 160 - 210 250 -
G input 175 260 350 275 410 650
output 100 150 - 200 250 -
por’ input 125 175 1200 125 175 1200
output 50 100 - 50 100 -
PECL? input 250 375 | £350 | 400 600 | +£500

1. GTL and PCl operate in the single-ended mode.
2. CMTL and PECL operate in differential mode.
3. Output frequencies are dependent on PC board layout techniques, transmission

line and crosstalk.

3.3.4.1 Current Mode Transceiver Logic

Current Mode Transceiver Logic (CMTL) was de-
signed by Motorola to provide a high-speed interface
with the following characteristics:

Reduced voltage swings

Low standby power

High noise margins

No external components for point to point
Matched resistor termination for multi-tap
Single or differential drive

Differential bidirectional bus driving
Internal active termination

The CMTL driver output stage is a complimentary
push-pull CMOS output circuit with a reduced output
voltage swing centered at the mid-point of the VDD

MOTOROLA
3-6

power supply (VDD/2). The output stage eliminates the
Miller capacitance and uses smaller devices than GTL
in order to provide a higher bandwidth. Figure 3-6
shows an example of the OD32TCMT macro, a 32 mA
CMTL differential output driver with an active termina-
tion across the outputs (denoted with the symbol “T”).
The active termination is a pair of FETs connected like
back to back diodes in order to further limit the swing at
the output. The active termination sets the quiescent
current of the driver at about 3.7 mA for VDD = 5.0 V.
The OD32TCMT is used to drive twisted pair line

(Zo = 100 to 150 ohms) or two controlled impedance
printed circuit board (PCB) lines (Z5 = 50 to 100 ohms).
The latter may have a CMTL receiver connected at the
end of the lines without using termination resistors. The
resistors are not needed for point to point connections
due to the effective output impedance of the driver (32
ohms for VDD = 5.0 V and 50 ohms for VDD = 3.3 V)
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which provides a series termination for twisted pair
lines having a Z, of 100 ohms or controlled impedance
PCB lines having a Z, of 50 ohms. For multi-taps on the
lines, a resistor can be placed across the twisted pair at
the end of the line with a value equal to the character-
istic impedance of the pair of lines. Figure 3-7 shows an
example of the ICMD macro which is a CMTL differen-
tial receiver. For VDD = 5.0 V, the receiver has an input

OUTPUT SIGNAL NAME
MACRO NAME
%
OD32TCMT

°°§
/Lb

\

XXX
PAD

XXX

\PADZ

PAD
EN PACKAGE PIN NUMBER

DESIGN CONSIDERATIONS

sensitivity of 200 mV differential for frequencies less
than 200 MHz. The OD32TCMT can also be connected
to an ECL receiver such as the ECLInPS MC10EL16/
100EL16 for ECL receiver communications between
CMOS arrays and to ECL operating on a positive sup-
ply voltage. Figure 3-8 shows an example of differential
CMTL driving two transmission lines with no termina-
tion for point to point communications.

|
= |
|
|

PAD2

—_— — — e =
Active Termination Circuit

Figure 3-6 Example CMTL Driver Symbol

INPUT SIGNAL NAME

MACRO NAME

PAD

XXX

ICMD

PAD2 [ %

DI

PAD

/

+
+,

ON-CHIP
SIGNAL

PACKAGE PIN NUMBER
Figure 3-7 Example CMTL Receiver Symbol

Zo, td

ICMD

EN  chipar

Coaxial Tranmission Lines

OFF CHIP

CHIP "B'

Figure 3-8 Differential CMTL with Active Termination

H4CPlus Series Design Reference Guide
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3.3.4.1.1 Differential /O Rules

Differential I/0O require two adjacent pads and at-
tached package pins and two I/O cell sites. When using
differential macros it is helpful to refer to the array floor-
plans or pad-to-pin cross-reference tables to locate
suitable 1/O cells for differential macros. Not all /O cells
have connecting die pads and depending on the pack-
age, not all die pads are connected to a package pin.

Design Rules for Differential /O Macros:
1. Differential pads (PAD and PAD2) must be on

the same side of the chip and occupy adjacent
1/0 cells connected to bond pads and package
pins. See Figure 3-16 for the general layout of
1/O cells and pads.

2. PAD must always be associated with an I/O cell.

3. PAD2 (IO_PIN1) must always be associated
with a lower /O site number than PAD
(IO_PIN2).

3.3.4.2 Gunning Transceiver Logic

Gunning Transceiver Logic (GTL), is a single-ended
transmission line system with receivers, drivers and bi-
directional macros (see Figure 3-9 and Figure 3-10).

The GTL drivers are open drain N-channel devices
and the receivers are high gain differential compara-
tors. The inverting input of all the GTL receivers is con-
nected to the reference voltage pin, INPVRO8 (see
Section 3.4.6.1). This pin is required if a GTL macro is
used in the design and should be connected to 0.8 V to
maximize the noise margin. The GTL receivers have an
uncertainty band of £ 50 mV around the reference volt-
age, INPVRO8. The output sink current of the GTL driv-
er ON20G macro is 24 mA while the BON40G macro is
48 mA. The ON20G macro is used to drive 50 ohm sin-
gle-ended transmission lines with a 50 ohm resistor
connected at the end of the line between the V; supply
(Vi = 1.2 V) and the signal line.

The BON40G macro is used to drive a bidirectional
50 ohm transmission line with a 50 ohm resistor con-
nected at each end of the transmission line between the
V; supply and the signal line. BON40G is a single pad,
dual site macro. OVSSP is a single pad, dual site macro
which co-exists on the same sites as the BON40G.
OVSSP is a special macro that provides the hi-drive ca-
pability (currents above 24 mA) to the adjacent macro.
It must be placed in the numerically lower I/O cell site
adjacent to the BON40G macro. By driving terminated
transmission lines, high performance buses can be de-
signed which minimize signal reflections that cause
overshoot and undershoot.

MOTOROLA
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INPUT SIGNAL MACRO NAME

NAME

1Gl
XXX DI
PAD [ X [— /

PAD ON-CHIP
PACKAGE PIN SIGNAL
NUMBER

Figure 3-9 Example Gunning Receiver Symbol

OUTPUT SIGNAL NAME
MACRO NAME
ON20G
—> XXX
PAD
DO'—| »_|
PAD

PACKAGE PIN NUMBER
Figure 3-10 Example Gunning Driver Symbol

3.3.4.3 PCI (Peripheral Component Interconnect)

The PCI bus was developed to provide a high-speed
standard expansion bus for interfacing peripheral /0 to
the processor and memory subsystems. It is processor
independent and the bus is guaranteed to operate at
33 MHz. It was also designed for future expansion with
3.3 and 5.0 volt component combinations and 32 and
64 bit data interface. The benefits are lower costs
through larger volumes, auto-configuration eliminates
setup, upgradeable to higher performance, and plug
and play. PCI is being used with the PowerPC™, Al-
pha™, 486, Pentium™ processors, and other chip sets,
graphics, bridges and controllers, SCSI, IDE, communi-
cation, video, and multimedia.

The PCl interface is basically a CMOS bus that has
virtually no power during steady state conditions. The
PCI output drivers (see Figure 3-11 and Figure 3-12)
are designed to switch only half the bus voltage re-
quired in order to reduce switching currents, reduce de-
vice sizes and improve circuit propagation delays. As
the waveform reaches the end of the unterminated bus,
the voltage doubles and returns back to the driver
where the signal is terminated by the source imped-
ance of the driver. This technique is called reflected
wave switching in which, after the driver switches, it
takes two times the line delay of the bus for all receivers
to see a valid voltage. The fully loaded bus is assumed
to be as low as 32 ohms while the unloaded trace im-
pedance is 65 ohms. See Table 3-7 for a listing of the
PCI macros that are available.
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MACRO NAME  OUTPUT SIGNAL NAME

ONPC \
XXX
DO ll> % \PAD
" PAD
PACKAGE PIN NUMBER

Figure 3-11 Example PCI Driver Symbol

INPUT SIGNAL MACRO NAME

NAME {
/ IPCH
XXX > O
PAD /

PAD ON-CHIP
PACKAGE PIN SIGNAL
NUMBER

Figure 3-12 Example PCI Receiver Symbol

DI

The DC specifications are very similar to TTL for the
5.0 volt PCI as shown in Table 3-10. For 3.3 volt opera-
tion, PCI uses a new, proportional input specification
centered at 0.4 x (VDD). Proportional specifications
provide better performance and larger noise margins.
For input buffers, V|4 and V,_are the logic threshold pa-
rameters.

What separates the specification of PCI from stan-
dard CMOS is the new AC voltage and current drive
specifications for the outputs. Table 3-10 shows the
minimum and maximum Vg and Vg to guarantee
successful reflected wave switching. Von(AC) min and
VoL(AC) max are the main parameters that set the
maximum value for the output impedance.

For instance at VDD = 4.75 V, when the output is
switching from a low to a high, the output must reach at
least to Vo(AC) min of 1.4 V (for a Z, = 32 ohms re-
quiring at least 44 mA for 1.4V) so that with reflected
wave switching the voltage will be twice this value, or
2.8 V. Since V| min of the receiver is 2.0 V, this
achieves a noise margin of 800 mV which provides ad-
equate margin for transient voltage ringing.

H4CPlus Series Design Reference Guide
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Table 3-10 PCI DC and AC Voltage Specifications

Viymin 0.475(VDD) 2.0 Volts
Vj max 0.325(VDD) 08 Volts
Vonmin ;.s_z(()\'/sorg')‘\ @aoma | Vol
VoLmax o 's oA @ oom | Vol
VouACmin | S8VDD) 1 A | vois
Vor(AC)max %{%Dn?/)\ o. S A | Volts
VoAC)max | 93(V0D) ool o | vois
raromn | o | e e

When the output is switching from a high to a low, the
output must reach at least to Vo, (AC) max of 2.2 V
which results in a voltage change of 3.05 V for VDD =
5.25 V and 2.55 V for VDD = 4.75 V. This results in a
minimum current of 95 mA for VDD = 5.25 V for a Z,, of
32 ohms. With reflected wave switching the voltage will
be twice the voltage change reaching a Vg _ of -0.85 V
for VDD =5.25 V or -0.35 V for VDD = 4.75 V which pro-
vides a noise margin of greater than the required 800
mV.

3.3.4.4 Pseudo ECL

Pseudo ECL (PECL), is ECL operating at VCC = 5.0
V and VEE = 0.0 V. PECL can be used in a differential
system to gain the advantages of higher performance,
high common mode noise immunity and signal ground
noise immunity to minimize thermal voltage level prob-
lems. However, two package pins are used by the dif-
ferential system. Transmission lines normally used with
PECL are twisted pair, coaxial cables, and controlled
impedance printed circuit board interconnects that are
terminated with a resistor matching the characteristic
impedance of the transmission line. Normally an exter-
nal supply, V;= 3.0V, is required to connect to the ter-
mination resistor. PECL is also capable of driving low
impedance (25 ohms) lines. Differential inputs require
special rules, (see Section 3.3.4.1.1).

MOTOROLA
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INPUT SIGNAL NAME
MACRO NAME
PAD

; IPD
XXX IC2
PaD2|[X [— | DI
el
ON-CHIP
XXX
PAD ;<<‘ . SIGNAL

PACKAGE PIN NUMBER
Figure 3-13 Example PECL Receiver Symbol

3.3.5 Oscillator Macros

Oscillator macros are used to generate clock signals
from an external crystal and other discrete compo-
nents. There are six oscillator /O macros available for
configuring crystal oscillator circuits (see Table 3-11).
The OSCPB and the OSCPBL are the standard oscilla-
tor macros for 5.0 V and 3.3 V respectively. The OS-
CPHB and OSCPHBL macros are high-drive versions
for driving high fanout clock networks. The OSCPSB
and OSCPSBL use a Schmitt trigger input to insure
CMOS edge speeds from very low crystal frequencies.

The oscillator macros have two pad ports, PADI and
PADO, and one internal port DI (see Figure 3-14). The
output pad, PADO, provides the inverted signal feed-
back to the crystal that is necessary for oscillation and
DI provides the internal clock signal to the array core.

Table 3-11 Oscillator Macrocells

OSCPB . .

OSCPHB . . .
OSCPSB . . .
OSCPBL . o

OSCPHBL| . o
OSCPSBL | & . .

When using oscillator macros it is helpful to refer to
the array floorplans or Pad-to-Pin Cross-Reference Ta-
bles to locate suitable I/O cells for oscillator macros.
Not all I/O cells have die pads and depending on the
package not all die pads are connected to a package
pin (see Figure 3-16). The following rules must be used
for the oscillator to function properly.

MOTOROLA
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OUTPUT
SIGNAL\
-
XXx % MACRO NAME
PADO
INPUT DI
SIGNAL\ osces
XXX %
PADI \{’
PACKAGE
PIN NUMBER

Figure 3-14 Example Oscillator Symbol

Design Rules for H4CPlus Series Oscillator
Macros:

1. Oscillator pads (PADI and PADO) must be on
the same side of the chip and occupy adjacent
1/0 cells connected to bond pads and package
pins, see Figure 3-16.

2. PADO must always be associated with an I/O
cell with a lower location number than PADI.

Note: Use the Array Floorplans or Pad-to-Pin Cross-
Reference Tables in Section 4 to determine correct os-
cillator macro locations.

Adjacent I/O Cells Having Pad
and Package Pin Connections
__________ 1
c2 R PADO |
ﬁ‘ — W\ . D—r’ D1
O l
T 3T _P:I;I T -
ol |
o+ [
= |
__________ .
Board Circuitry <@—f— ASIC

Figure 3-15 Example Oscillator Application

The oscillator macrocells contain an inverting ampli-
fier and a driver to the internal array. The customer
must supply the necessary external components to
build a working oscillator. A typical implementation is
shown in Figure 3-15. Please refer to the crystal manu-
facturers’ specifications for crystal characteristics and
oscillator design.
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Oscillator Design Hints: 3.4.1 Power and Ground Buses

* Follow crystal manufacturers’ recommendations All H4CPlus Series arrays have three power and two
for circuit components. ground buses, plus four reference voltage buses for

* Keep PCB traces and component leads short as system interconnect use (see Section 3.4.6.1). The
possible to avoid parasitic capacitances and buses VDD and VSS supply power and ground to the
inductances. core and input macros. OVDD3 and OVDDS are the

» Select I/O cells with the shortest bond wire 3.3V and 5.0 V power buses for most output and oscil-
lengths (usually near the center of the die) to lator macros and OVSS is the ground bus for most out-
minimize parasitic inductances. put and oscillator macros.

¢ Use high quality components.
* For fast start-up, use crystals with low series
resistance (high Q).

Table 3-12 Power and Ground Macros

J Unconnected ovDD3 3.3V Output and oscillator macro power

p” NN Vo Cell OvDD5 5.0V Output and oscillator macro power

E}fg % OVsSs 0.0V | Output and oscillator macro ground

\
j— C— =\ VDD 3.3V Core and input macro power
\ or 5.0V

22 [ VSS 0.0v Core and input macro ground

bl 7 .\ O Cell without

" 7/, l<_~T Package Pin ovssp! 0.0V Output and oscillator macro ground

4 >\ N\ A 1.To be used with dual-cell GTL macros, see Section 3.4.6.2
2 |le >‘,\_}\ Possibie Oecltor
oL o ocations The OVDD3 and OVDD5 buses may be combined
3 (L ) //'\ when all outputs are operating at a single voltage level.
| The core and output VDD buses may optionally be

o
°

combined to form common power buses by using mac-
— VO Cell ros. This is often desirable in reducing power bus noise
since the bus capacitance is increased and the induc-
tance decreased. Other advantages include better utili-
// zation of OVDD/VDD and OVSS/VSS pins and
57| sa|| 5o E o Die Pad decreased SSO noise. Table 3-13 illustrates the cus-
vss—/ Bottom Sids of Die tomer selectable power configuration options and the
legal power and bus tying macros. Note that VSS and

Q

vep OVSS are unaffected by the power selection options.
Figure 3-16 Die Section Showing Valid
Oscillator Macro Placement 3.4.2 Required Core Power and Ground Pins

A fixed set of five power and ground pads exists at
each corner of the array to allow easy access for func-
3.4 POWER AND GROUND CONSIDERATIONS tional probe testing (see Figure 3-17). Depending on
This section describes the H4CPlus array power and the array and package type, additional core power and
ground buses, required power and ground rules, pre- ground pins may be required (see Pin-to-Pad Cross-
cautions for Simultaneously Switching Outputs (SSO), Reference Tables). Note: Some array/package combi-
and rules for location of SSO pins. Additionally, special nations have no fixed power or ground pads connected

power and ground requirements for system intercon- to package pins.

nect macros and the use of the required test pin are ad-
dressed. A description of voltage selection and
implementation is available in application note AN1514,
HA4CPlus™ Series 3.3V/5V Design Considerations.
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Table 3-13 Legal Combinations of Power and Bus Tying Macros

OVDD3 is tied to OVDD5 at each

3.3V | 3.3V | No [3.3V|3.3V|3.3V} Yes Yes OVDD3 and OVDDS site
33V |33V | Yes [33v|33v|aav Yes C@ggi“g\s/g'[',‘éggdbgf,eggézﬁgh
3.3V |Mixed| No [3.3V|3.3V|5.0V] Yes| Yes| Yes No power buses tied.

3.3V |Mixed | Yes [3.3v|3.3v|s.0v Yes Yes VDD s tied to OVDDS at each VDD
3av |s.0v | NA |3av|s.0v|5.0v] Yes Yes OVfg\?D'%ge:nz’g\‘,’gg:;::a°h
50V |50V | No |5.0v|5.0v|5.0v] Yes Yes O e e &n each
50V |50V | Yes |5.0v|5.0v|5.0v Yes csggjnce)\slgggg s 21 oach
5.0V |Mixed| No []5.0V|3.3V|5.0V] Yes| Yes| Yes No power buses tied

5.0V |Mixed| Yes |5.0v|3.3v|5.0v Yes Yes | VDD 15 ted [0 OVODS & each VDD
50V |33V | NA |5.0v|3.3v|3.3] Yes| Yes | Yes O e oo o each

ovss
/_ ovDD5
/ ,— OvDD3 Top Side of Die

1/O Pad

Left Side of Die

1/O Cell

Figure 3-17 Power and Ground Bus

MOTOROLA H4CPlus Series Design Reference Guide
3-12



The VDD and VSS requirements can be checked by
using Eq. (3-1). The equation will determine if additional
VDD pins are required. If the value of P, is negative, no
additional VDD pins are required. A positive value for
Pa requires additional VDD/VSS pins to be added to the
design and the number should be equal to the numeric
value of P, rounded up to the next integer. More pins
may be added to improve any design. An equal num-
ber of VSS pins must also be added to the design.

E
Pa =5~ Pok (3-1)

where:

P, = Total additional VDD pins required

E = Number of equivalent gates used in the design

N = Number of gates that can be powered from a
power/ground pair, see Table 3-14

Py = Fixed VDD pins for the selected package (see
Pin-to-Pad Cross-Reference Tables in Section 4)

Table 3-14 Core Power Specification

3.3V 12,000
5.0V 8,000

Rules and Recommendations for VDD and VSS
Pins:

1. The fixed power and ground pins on each array
are required and cannot be altered.

2. All power bus macros require assignment to an
1/0 cell that is connected to a package pin.

3. Additional VDD/VSS pads should be evenly
spaced with fixed VDD/VSS pads.

4. Place VDD and VSS pads near or within groups
of high-current output macros.

5. Use power macros to connect internal and out-
put power buses. (This reduces the number of
package pins required for VDD/VSS.)

Note:

Depending on the design, rules 4 and 5 should be
used only after consideration of SSO noise since this
may cause increased noise in the core.

3.4.3 Required I/0 Macro Power and Ground Pins
Depending on the array and package type, addition-
al pins may be required for /0 macro power (OVDD3
and OVDD5) and ground (OVSS). The following DC re-
quirement must be met. No I/O macro may be located
more than 25 1/O cell sites from the power macro or pin

H4CPlus Series Design Reference Guide
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supplying it with power or ground.

Note: Some array/package combinations have no
fixed power or ground pads preassigned to package
pins.

Rules for Additional OVDD and OVSS Pins:
1. The fixed power and ground pins on each array
are required and cannot be altered.
2. All power macros require assignment to an /O
cell that is connected to a package pin.
3. Additional OVDD/OVSS pads should be evenly
spaced with fixed OVDD/OVSS pads.

3.4.4 Optional Peripheral Power Pins for Simulta-
neously Switching Outputs (SSO)

Simultaneously switching outputs are output macros
which change state within four nanoseconds of each
other. As an output macro switches state, it must
charge or discharge an external capacitive load in a
short period of time, but the required current sourced or
sunk by the output is inhibited by the cumulative induc-
tances of the package leads and the gate array. The to-
tal effect of the inductance and rapid current change
(plus crosstalk) can be observed as voltages induced
on the power and ground buses and also on adjacent
signal pins, see Figure 3-18.

Quiet Driver Noise

] :
-+
a ;f SSO Driver

: Sa 2

. VSS Bus Noise

Not to Scale

Time —»

Figure 3-18 SSO Derived Noise

As the number of SSO’s increase so does the sever-
ity of the power bus noise and other SSO related prob-

MOTOROLA
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lems such as quiet-driver noise and SSO delay. Quiet- Controlling SSO Noise:
driver noise is the induced voltage swing of an output 1. Provide sufficient OVDD3, OVDD5 and OVSS
macro caused by power bus noise, while SSO delay is pins and distribute them as required. (see Eq.
the additional time needed by the output macro to (3-2))
charge or discharge a capacitive load due to reduced 2. Place SSO pins as close as possible to
power caused by SSO. OVDDg3, OVDD5 and OVSS pins.

There are several ways to minimize SSO problems. 3. Place noise sensitive input signal pins such as

clocks, enables, and resets near VSS pins and
away from SSO’s.

Table 3-15 SSO Multiplier for Macro and Logic Type

[¢]
ON20D 288 ON160D/BON160D 288
ON2T/BON2T 144 ON16S2 39
ONX2 108 ON16T/BON16T 32
ONX2T/BONX2T 108 ON16TS2/BON16TS2 39
ONLX2 288 ONLX16 64
ONLX2T/BONLX2T 180 | 288 | 288 | 288 ONLX16T/BONLX16T 64
ONL2 180 | 216 | 180 | 216 ONX16 24
ONL2T/BONL2T 180 | 216 | 180 | 216 ONX16T/BONX16T 24
ON4 60 | 96 | 96 | 96 ONL16 48
ON40D 60 |288 | 96 |288 ONL160D/BONL160D 288
ON4S2 72 | 115 | 115 | 115 ONL16T/BONL16T 48
ON4T/BONAT 60 | 96 | 96 | 96 ON32 16
ON4TS2/BON4TS2 72 | 115 | 115 | 115 ON320D/BON320D 288
ONX4 60 | 72 | 60 | 72 ON32S2 19
ONXA4T/BONXA4T 60 | 72 | 60 | 72 ON32T/BON32T 16
ONLX4 120 | 192 | 192 | 192 ON32TS2/BON32TS2
ONLX4T/BONLXAT 120 | 192 | 192 | 192 :
ONL4 120 (144 | 120 | 144 ONPC 20 64
ONL40OD 120 {288 | 120 | 288 ONTPC/BONTPC 20 64
ONL4T/BONLAT 120 [ 144 [ 120 | 144 ONLPC 40 128
ON8 40 | 64 | 64 | 64 ONLTPC/BONLTPC 40 128
ON8OD/BONSOD 40 (288 | 64 | 288
ON8S2 48 | 77 | 77 | 77 032CM 20 32
ONST/BONST 40 | 64 | 64 | 64 OD32CMT 20 32
ONBTS2/BON8BTS2 48 | 77 |77 | 77 OD32TCMT/BOD32TCMT 20 32
ONX8 40 | 48 | 40 | 48 ODX32CM 40 48
ONX8T/BONX8T 40 | 48 | 40 | 48 ODLX32CMT 40 64
ONLX8 80 |128 | 128 | 128 ODL32CMT 40 48
ONLX8T/BONLXST 80 | 128 | 128 | 128 E
ONL8 80 | 96 | 80 | 96 ON20G 32 288
ONL8OD/BONL8OD 80 |288 | 80 |288 BON40G 16 288
ONL8T/BONLST 80 | 96 | 80 | 96 ONL20G 32 288
BONL40G 16 288

MOTOROLA H4CPlus Series Design Reference Guide
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The following is an equation to determine if the max-
imum number of SSO’s between OVSS or OVDD pins
has been violated. If the relationship is not true, SSO
must be redistributed such that fewer SSO’s exist be-
tween OVSS or OVDD pins. If this cannot be achieved,
additional OVSS and/or OVDD pins must be added.

1
ANZ(M—N) <1 (3-2)

where:

Ay = Array scaling factor see Table 3-16

My = Macro scaling factor see Table 3-15

Table 3-16 SSO Muitiplier for Array Type and
Package (Ay)

H4CP028
HACP048
H4CP075
H4CP109 | n/a 8
HA4CP146 |n/a |[n/a|n/a|n/a | 8
H4CP178 |n/a |n/a [n/a {n/a | 8
* Estimated

n/é n/é n/a“ h/an 'r”1/a 'r'1/a‘ n/a -
8 |n/a|nfalna| 6 | 6 [n/a
8 |na|na|n/a| 6 | 6 |n/a

wjoo|of
o|m|o|of

For example, assume an H4CP075 array in a 208
QFP with CMOS outputs. ON8 outputs are to be used
in a bus application. Ay, the SSO multiplier for array
and package type is 8, and M for an ONB8 output is 64.
From Eq. (3-2) it can be calculated that no more than 8
ONB8 SSO’s can be placed between OVDD or OVSS
pins; 8(8/64) < 1. Therefore, if 64 SSO ON8 outputs are
required, at least 8 OVDD and 8 OVSS pins are re-
quired. Note: As stated in Section 3.4.3, a DC check
must also be made to determine the minimum number
of OVDD and OVSS pins.

3.4.5 Rules for Optional Peripheral SSO OVDD and
OVSS Pins:

1. The fixed power and ground pins on each array
are required and cannot be altered.

2. All power macros require assignment to an /O
cell that is connected to a package pin.

3. Place additional SSO OVDD and OVSS pads
near or within groups of high-current output
macros.

H4CPlus Series Design Reference Guide
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3.4.6 Special Requirements for System Intercon-
nect Macros

System interconnect macros have several unique re-
quirements such as a reference voltage and ground
bus segmentation.

3.4.6.1 Reference Voltages

System interconnect macros require a reference
voltage if they are used single-ended. Each reference
voltage macro is only used once in the design. All refer-
ence macros require assignment to an 1/O cell that is
connected to a package pin.

The following reference voltage pin names and bus-
es are supported:

INPVR0O8 0.8V reference for single-ended
GTL inputs

INPVR25 2.5V reference for single-ended
CMTL inputs in 5.0 V systems

INPVR16 1.6 V reference for single-ended
CMTL inputs in 3.3 V systems

INPVR38 3.8 V reference for single-ended

PECL inputs

For example, if a GTL input macro is used in the de-
sign, a INPVRO8 macro is required.

3.4.6.2 GTL Ground Segmentation

Segmentation of the output ground bus (OVSS) will
only be supported for GTL output macros. Power bus
segmentation macros isolate sections of the OVSS
bus for isolation of GTL outputs. The isolated OVSS
bus segments must contain dedicated pins and as
many additional OVSS pins as required by the number
of GTL output macros used in the design. GTL gener-
ated noise on OVSS could cause false triggering in the
1/0 or core section if OVSS bus segmentation is not
used to isolate the GTL output.

Rules for OVSS Bus Segmentation:

1. 1/O cells designated for fixed VDD/VSS cannot
be used.

2. All bus segmentation macros requiring a pack-
age pin must be assigned to an I/O cell that is
connected to a package pin.

3. A fixed OVSS pin is required in every segment
so that the segment will be powered when
unpackaged chips are probed.

4. An OVSS pin is required for every two GTL out-
put macros that have a 48 mA sink current
(such as BON40G or BONL40G). An OVSS pin
is required for every four GTL output macros
that have a 24 mA sink current (such as
ON20G or ONL20G).

MOTOROLA
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The bus segmentation macros cut the OVSS buses. Table 3-18 GTL Macro Placement for 9Bit Bus on
The OVSSL and OVSSR macros are used to cut the Left Side of H4CP048 128 QFP
bus to the left or right respectively and supply the
power to the right or left respectively. These macros
are also connected to an I/O pad such that they can be
connected to a package pin. The OSVSSL and
OSVSSR macros are not connected to an /O pad.

They may be used when a design is pin limited. Table 9 7 . OSVSSL
3-17 lists the available power bus segmentation mac- 10 8 7 < OVSSP
[ ros and describes their use. IT] 9 8 BON40G (Bit 0)
12 10 _ BON40G (Bit 1)
13 11 9
Table 3-17 OVSS Bus Segmentation Macros 14 12 10 - OVSSP
15 13 1 BON40G (Bit 2)
16 14 - -
17 OVSS(15) - -

OVSSL YES | LEFT | Cuttothe Leftand 18 16 12 <o~ OVSSP

Supply OVSS to the Righ 19 17 13 BON40G (Bit 3)

OVSSR YES | RIGHT | Cutto the Right and 20 18 - -

Supply OVSS to the Left 21 19 - N
OSsVssL NO LEFT Bus Cut 22 20 - ]
OSVSSR NO | RIGHT | BusCut = 21 1% BON40G (Bit 4)
24 22 15 <------- OVSSP

The term left (L) and right (R) is used to denote the 25 23 16 BONA40G (Bt 5)
direction as viewed from the edge of the chip looking 26 24 - -
toward the center. Since the die pads and /O sites are 27 OVDD5(25) - -
numbered counterclockwise, left refers to a lower num- - 26 - -
ber and right refers to a higher number. For example, 28 27 - BON40G (Bit 6)
refer to the die pad and I/O site numbering in Section 29 28 17
4, Figure 4-1. 30 29 18 <e---- OVSSP

The OVSSP macro may be used with dual-cell GTL 31 30 19 BONA40G (Bit 7)
macros (BON40G and BONL40G) to provide an output B 31 _ N
ground connection. The OVSSP macro may be placed 32 32 . B
on the adjacent pad to the GTL output thus utilizing this 33 33 N N
pad for ground. 34 34 -

Table 3-18 contains an example of how a 9 bit GTL % = 20 BON40G (Bit 8)
bus could be implemented on an H4CP048 array in a 36 - OSVSSR
128 QFP. Since the design is pin limited, an attempt Notes:
was made to use as few package pins as possible. Nine 1. Die padicell and Package numbers start at top of LEFT side and
BON40G, (48ma bidirectional GTL outputs) were used. increment counter-clockwise
In addition to the nine signal pins, five pins (one for ev- 2.0VSS, and OVDDS indicate fixed power and ground pads on the die for
ery pair of BON40G outputs) are required to be con- probe test and are array dependent.

nected to the isolated OVSS bus. In this example, a
total of 14 package pins were used.
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3.4.7 Test Pin

The ENID pin is required on all designs.

A test pin, ENID (enable IDD), must be added to
each array in order to test for IDD device leakage. The
customer must place the ENID pin in the schematic like
any other input pin and assign it a pin number. For syn-
thesis, the ENID pin must be added to the attributes
files, similar to the power and ground pins (i.e. OVDDS3,
OVDDS5, VDD, OVSS and VSS). Other than selecting
the pin number, the customer should do nothing with
this pin; it will not be modeled and will not be simulated.

This pin will be used at test to disable termination
and pull-up current flow as well as disable the current
sources in comparator inputs. The ENID pin is active
high and has a pull-down resistor (the pull-down resis-
tor current will be sourced by the tester and will not af-
fect the IDD test measurement). In normal usage the
ENID pin must be grounded.

3.5 POWER ESTIMATION

This section describes a manual power estimation
method to assist in determining package requirements
and chip junction temperature. The accuracy of this
method is dependent upon understanding the design
and its application. A definition of data rate and frequen-
cy will help clarify the power equations. Data rate is one
bit of data per unit of time (b/s) or a maximum of one
transition per unit of time. Frequency is, two bits of data
per unit of time (Hz) or a maximum of two transitions.
For example, a data rate of 1.0 Mb/s equals a frequen-
cy of 0.5 MHz. Therefore, if a flip-flop has an input clock
frequency of 30 MHz, the maximum bit rate is 30 Mb/s
and the maximum output frequency is 15 MHz.

Information needed to estimate power:

¢ H4CPlus array supply voltage & switching fre-
quency

* Estimate of utilized and simultaneously switch-
ing gates

¢ Number of RAMs

* Number and types of inputs, outputs, and bidi-
rectional macros

* Loads on the outputs

H4CPlus Series Design Reference Guide
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The estimated total power dissipated by an H4CPlus
Series array is the sum of the core, RAM, and I/O pow-
er.

Po = Peore + Pramt + Pio (3-3)

core ram

3.5.1 Core Power

The bulk of the power dissipated by the internal
array (Pcore) is based upon dynamic power of internal
capacitive components including the input capacitance
of each gate (NAN2 equivalent), the capacitive load of
metal routing between macros and the output capaci-
tance of 3-state macros (if applicable). The contribu-
tion of leakage currents, and therefore static power, is
negligible. The internal power (excluding RAMS) is:

n
2
Peore = VDDn§1fn (Ng Cg+Npp Cry Ny C)

core
{uW} (3-4)

where:

Cgy = 0.05 pF (typical gate input capacitance)

C = typical metal capacitance (see Table 3-27)

C, = 0.06 pF (typical 3-state macro output capaci-
tance)

Ng,, = number of gates switching at f,,

Nm,, = number of macros switching at f,

Ny, = number of 3-state macros switching at f,

Vpp = supply voltage {V}

f,, = output frequency of macros switching at f,,
{MHz}
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Table 3-19 RAM Power Estimates

Single-Port RAM's RDB8X36 27.8 151 348

RSB8X8 8.5 46 106 RDB8X72 39.5 215 494

RSB8X18 14.0 76 175 RDB16X9 27.9 152 349

RSB16X8 13.1 7 164 RDB16X18 31.4 17 393

RSB16X18 18.2 99 228 RDB16X36 38.2 208 478

RSB16X36 29.5 161 369 RDB16X72 52.0 283 650

RSB32X8 12.6 69 158 RDB32X9 51.8 282 648

RSB32X18 24.1 131 301 RDB32X18 56.2 301 690

RSB32X36 35.4 193 443 RDB32X36 62.1 338 776

RSB64X18 28.6 156 358 RDB32X72 75.9 413 949

RSB64X36 39.9 217 499 Quad-Port RAM’s

Dual-Port RAM’s RQB16X18 71.7 390 896

RDB8X9 15.5 84 194 RQB16X36 91.9 500 1149
RDB8X18 18.9 103 236 RQB32X18 1253 682 1566
1. Power = 1/2C;,, VDD?f (WW/MHz) RQB32X36 145.5 792 1819

2. Assumes all RAM outputs are switching.

3.5.2 RAM Power

A design may have several sizes of RAMs. The pow-
er consumed by the RAMs must be calculated sepa-
rately from the rest of the core circuitry since RAMs
generally have higher gate density and greater num-
bers of simultaneously switching gates. The combined
power dissipated by all RAMs is

Pramt = ZPram {uw} (3-5)

An estimate of the worst-case power dissipated by a
RAM is based on its total equivalent capacitance.

2
Pram = 172C 1\ Vpo! {uW} (3-6)
where:
C,am = total equivalent capacitance of RAMs (see
Table 3-19)

Vpp = supply voltage {V}

f= 1/ (total address cycle time inus) {MHz}

3.5.3 /O Power

I/0 power (P;,) is composed of three components,
static (Pjogtat), dynamic (Pjogyn), and system intercon-
nect (Psysiny) power (see Section 3.5.5).

P.. =P

io iosta +P

tt Piodyn sysint 37)
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3.5.3.1 Static I/0 Power (CMOS, TTL and PCI)

Static I/O power, Pjyqiat, is caused by the leakage
currents (lj,) of input macros and pull-resistors. I, can
be significant if many inputs with pull-resistors and TTL
input macros are used.

The leakage current of an input is dependent on the
configuration and logic state of the input, see Table 3-
20. For example, if an input has a pull-down resistor it
will only draw significant current during the times the in-
put is in a high state. Therefore, it is necessary to esti-
mate the active time an input is drawing current versus
the total operation time. The total static I/O power is:

Piostat = 2 (intactive) Vob {uW} (3-8)

where:
lin = input leakage current {pA} (see Table 3-20)
tactive = estimate of percentage of time when an
input draws current (e.g.: use 0.5 for 50%)

Table 3-20 Typical Leakage Currents for Inputs

none either 1 1
PUL low 15 a1
PDL high 25 69
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Table 3-21 Estimated Short Circuit Power for
I/O Macros

Inputs (all) 90 Inputs (all)

Outputs Outputs

ON2/BON2 83 ONL2/BONL2 33
ON4/BON4 112 ONL4/BONL4 43
ONB8/BON8 166 ONL8/BONL8 59

ON16/BON16 233 ONL16/BONL16 80

ON32/BON32 395

ONPC 173 ONLPC 80

* Input edge rate = 0.5ns, Typical 25°C

3.5.3.2 Dynamic I/O Power (CMOS, TTL and PCI)

Dynamic I/O power, Pjoqyn, is the largest contributor
to power dissipation by the array and is mostly the re-
sult of capacitive loads (C,) on the outputs. The short
circuit I/O power, Pjoshor, also contributes to the dy-
namic power and is estimated in Table 3-21. (The loads
on input macros are usually small and are not consid-
ered.) The dynamic I/O power is:

|:’iodyn = ZCLVDDVOf + Z (Pioshort) f {;,LW) (3'9)

where:

C,_ = capacitive load on outputs {pF}

f = output switching frequency {MHz}

Pioshort = estimated short circuit power for /O mac-
ros (see Table 3-21)

Vpp = supply voltage {V}

Vo = maximum output voltage swing at the operat-
ing frequency {V}

3.5.4 Power Estimation Example

The following example estimates the total power dis-
sipation of a hypothetical design and determines an ap-
propriate package and junction temperature for
simulation.

The assumptions are:

e Array: H4CP109

* Utilized Gates: 70,000 gates (logic only), 25%
worst-case switching activity; 2,000 gates (clock
distribution), 100% worst case switching activity

¢ /O Types and loads: 70 CMOS inputs at 5.0 V
swing, 30 with PUL resistors, 28 ONX2 outputs
with 50 pF loads at 5.0 V swing and 24 BONST
with 50 pF loads at 5.0 V swing

e Conditions: Core bus VDD is 3.3 V, Output bus
OVDDS is 5.0 V, Output bus OVDD3 is tied to
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bus OVDDS5, input clock frequency = 66 MHz,
logic and output signals switching at 16.5 and
8.25 MHz

* An average fanout for macros of 2

* No system interconnect macros are used

¢ No RAM Macros are used

The input clock is immediately divided by two and by
four. Of the 2,000 gates in the clock path, one-half are
at 33 MHz (Ng, = 1,000) and one-half are at 16.5 MHz

= 1,000). 1I'he number of macros, Ny, is 133 (as-
sumlng 7.5 gates/macro) and Ny, = Npp,. Of the 70,000
utilized gates about 25% (17,500) of the gates are de-
termined to be switching during a clock cycle. One-half
of the gates have outputs switching at 16.5 MHz (Ng =
8,750) and one-half have outputs switching at 8. 25
MHz (Ng, = 8,750). The number of macros, Ny, is 875
(assuming 10 gates/macro) and N, = Ny ,. The metal
capacitance is obtained from Table % 27, Cm =0.36 pF
for the H4CP109 with an average fanout of two. No 3-
state macros are used, therefore Ny,C; = zero. The
power consumed by the internal array provided by Eq.
(3-4) is:

2
Peore = 33 [33(1000(0.05) +133(0.36))

+16.5 (1000 (0.05) + 133 (0.36))
+16.5 (8750 (0.05) + 875 (0.36))
+8.25 (8750 (0.05) + 875 (0.36))]

Pcore = 255,582 uW or 0.26W

The power consumed by the 1/O is the sum of static
and dynamic power, (see Eq. (3-7)).

The static 1/0 power is the sum of the leakage cur-
rents of all inputs during their active time. In this exam-
ple 40 inputs have no pull-resistors and draw 1pA (see
Table 3-20) all the time and 30 inputs have a PUL resis-
tor which are active low about 20% of the time. The pull-
up resistor is tied to VDD. The static I/O power using
Eq. (3-8) is:

P.

iostat = (40(1)1.0+30(15)0.20)3.3

P = 429 uW or 0.00429W

fostat

The dynamic I/0O power is the sum of the powers con-
sumed by the 28 ONX2 outputs driving 50 pF, the 24
BONST driving 50 pF, and the short circuit power of all
the I/0. The dynamic I/O power using Eq. (3-9) is:
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Piogyn = [28(50) (5)”+28(150)]8.25
+ [24(50) (5)° +24(490)116.5

P = 1,012, 440 pW or 1.01W

iodyn
The I/O power is:

Pio =0.00+1.01 = 1.01 W

The total estimated power dissipated is:

Pp = Peore * Pig = 026 +1.01

Pp = 1.27TW

This design uses 122 signal pins which fits into either
a 208 QFP or a 208 MicroCool™, For this design, the
maximum allowed junction temperature, T, is 85°C (as-
suming an ambient temperature of 25°C). To determine
the required air flow, the thermal resistance (junction-
to-ambient), RgJA , must first be calculated:

T] =T,+Rg aPp

H@JA = (Tj_Ta)/PD
R@JA = (85-25)/1.27 = 47.2°C/W

An RgJa of 47.2 °C/W can be supported by the 208
QFP or the 208 MicroCool with no air flow (see Table
4-2 of Packaging Section).

3.5.5 System Interconnect I/O Power

The power consumed by the system interconnect
output macros must be calculated separately from the
rest of the I/O macros because of the special equations
that are required. The system interconnect power is:

Psysint = Prec * PatL +PewmtL (3-10)

The DC receiver power, Prgc, is listed in Table 3-22.

3.5.5.1 GTL Output Power

The power dissipation of the GTL output, Pgy, can
be expressed using the following equation:

PatL = PatL_oc* Pati_ac (3-1)

MOTOROLA
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Table 3-22 DC Receiver Macro Power (typ.)

BICMD 10.50

BIGN 8.50 ILGI
BILGN 1.98 ILGN 1.98
ICMD 10.50 ILPD 2.64
1GI 11.00 IPD 2.50
IGN 8.50 IPXD 1.65
where:
(V- Vou

Pat oo = Vo= tLowX10° (W} (3-12)

PatL_ac = CLViVof {(mW) (3-13)
where:

C, = Total capacitance due to the input fan-in and
package. {pF}

f = Maximum frequency that the output is switching.
{MHz}

R_ = Termination load resistance for matching the
characteristic impedance, Z,,, of the transmis-
sion line. Note: if 50 ohm load resistors are used
at both ends of the line for bidirectional lines, Ry
= 25 ohms. {Q}

tLow = Fractional percentage of the cycle time the
output is in the LOW state. For worst case, use
1.0.(e.g. use 0.5 for 50%)

Vo = Output voltage swing at the operating fre-
quency with the equivalent R and C_load. Nor-
mally equal to Vy - Vg, {V}

VoL = Output low voltage, 0.25 V typ., 0.4 V
max. {V} ,

Vi = External GTL power supply voltage, normally
1.2V, for connecting to the termination

resistor. {V}

The power dissipated in the external resistor load is:

t
P 2'LOwW

ext A = VimVoU R X108 {uw} (3-14)

Where each term is as previously described.

As an example assume that a GTL driver is driving a
single-ended line (1.0 ft.) terminated with a 50 ohm re-
sistor to Vy = 1.2V, assume C| = 10 pF at a frequency
of f = 66 MHz.
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The DC power using Eq. (3-12)is:

(1.2 - 0.25) _
ParL_oc = 0-25——50-—0.5X105 = 2375 uyW

The AC power using Eq. (3-13)is:
ParL_ac = (10) (1.2) (1.2-0.25) (66)
=752.4 uyW

The total GTL power is:

PgrL = 2375 +752.4 = 3127.4 uW or 3.1 mW

Using Eq. (3-14) the external resistor power is:

2(0.5
Pext pL = (1.2-0.25) (E)xms
=9,025 uW or 9.03 mW

Note that the length of the transmission line is not a
factor in the power dissipation.

3.5.5.2 CMTL Output Power

Power consumption for CMTL outputs (PgmtL), iS
dependent on the power-supply voltage, frequency of
operation, macro through current, termination method,
transmission line, and load. The power dissipation for a
CMTL output can be calculated from the following

equation:
Pemte = PeL+ PR+ Pact+ Puine (3-15)
where:
P = power due to through-current and load
capacitance.
PoL = (CL+Cpy) VoVppf W} (3-16)

PRy = driver power due to external resistor load for
terminated lines. Note: For differential drive,
multiply Pg,_ times four.

\

P,ct = power due to active termination. Note: If K =
1in Eq. (3-21) below, then P, = 0.

Pact = Vpplact (T-2T,) {uW}  (3-18)

DESIGN CONSIDERATIONS

PN = power due to unterminated transmission
line. Note: P e = 0, if the line is terminated at
the receiving end with a matching impedance.
Also, for differential drive, P| yg must be dou-
bled.

(1-p9)

DDVO K {uW}  (3-19)
(1"‘93)

where:
C_ = total capacitive load due to input fan-in and

\"

PLine = fCTL_MOD

package. For differential drive, C; must be dou-
bled since there are two lines. {pF}
Cpq = power dissipation capacitance of output
device due to through-current {pF}
(see Table 3-23)
CtL mop = modified transmission line capacitance
for power dissipation.

T
L_MOD
Cri_mop = Zo X103 {pF} (3-20)

f = the maximum switching frequency {MHz}

It = static current due to active termination (see
Table 3-23)

Note: if K=1in Eq. (3-21), then I = 0.

K = positive integer (when pg is a negative number
see Eq. (3-24)) > 1. Note: When K = 1, voltage
at the receiver is a maximum when the voltage
at the driver is constant at Vpp / 2.

T

K=z ——
4T__mop

(3-21)

R_ = termination resistor connected to Vpp / 2 for
single-ended drive. For differential drive R is
the total resistance between the differential
lines. {Q}

Ro = the output impedance of the CMTL driver
{ohms} (see Table 3-23)

T = switching period (1/f) X102 {ns}

T = total transmission line delay {ns}

TL mop = modified transmission line delay for cal-

“culating K and Cr_mop {ns}; to calculate
TL_mop use only one of the appropriate equa-
tions, either Eq. (3-22) or Eq. (3-23).

T T

: T
if nESTLSHE-f-Z

0 to N. Then use Eq. (3-22)

for n = integer from
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T
T mop = Ti- N§ (3-22)
or T
if n2 + = <T <(n+ 1)— for n = integer
from 0 to N. Then use Eq. (3-23)
T
T mop = (N+1)——T (3-23)

Note: The value for T| _yop must be adjusted, if pg
is a negative number, so that K is an integer in Eq. (3-
21). However, if K > 5, the P g term (1-pg /(1+ps")
=1,forlpgl <0.5. The adjusted value of T, \yop thatis
used in Eq. (3-21) must be used in Eq. (3-20). For twist-
ed pair differential drive, Ct._mop should be doubled.

Tave = average rise and fall times for power dissipa-
tion calculations (see Table 3-23)

Vpp = Supply voltage {V}

Vo = The output voltage swing in volts (see Table
3-23) at the operating frequency and the equiva-
lent load condition. For unterminated lines, the
total load capacitance should include the capac-
itance for the specific line length of Cy_ mop-
For terminated lines, the load should include the
termination resistor.

Z, = is the characteristic impedance of the trans-
mission line to AC ground for controlled imped-
ance printed circuit board line. For twisted pair
differential drive, Zg is the characteristic imped-
ance between the two lines. {Q}

pg= The source coefficient of reflection

Ro-Zo
RO+Z0

pg = (3-24)

For terminated lines, the external load resistor, Ry,
will dissipate power as shown in Eq. (3-25). For single-
ended lines with R|_connected to VDD/2, then Pext g
is 1/4 the value calculated in Eq. (3-25).

2

P _ Yoy 108 w
EXT_RL = R_L 0 {uW}

(3-25)

The Pg, term lumps the total load capacitance, in-
cluding capacitance due to the package, with the typi-
cal power dissipation capacitance, Cpq. Cpq is @
measure of internal capacitances given specifically for
power consumption calculations. It provides a simpli-
fied and accurate method for calculating an output pow-
er dissipation caused by the switching through current.

The Py term is the power dissipated in the output
device due to a termination or load resistor. It does not
include the power dissipated in the load resistor itself
(see Eq. (3-25)).

The P, term calculates the power due to active self-
termination. A static current is present when a CMTL
output is terminated with the active network which re-
sults in a DC power at low frequencies that can be cal-
culated using Eq. (3-18). The P yg term in the equation
is the power dissipated due to driving an unterminated
transmission line.

The Py yg reaches a maximum power whenever the
line delay is equal to a quarter wavelength (also 3/4T,
5/4T, etc.) at which time the receiver voltage reaches a
maximum along with the power. The P\ reaches a
minimum power whenever the line delay is equal to a
half wavelength (also T, 3/2T, etc.) at which time the
driver appears to have zero line capacitance with the
voltage at the driver and receiver being the same with
no overshoot or undershoot.

Table 3-23 CMTL (OD32TCMT) Output Characteristics Versus VDD

2.97 16.6 0 2.0 0.94 0.32 0.25 55
3.30 16.7 0.10 1.9 1.05 0.59 0.43 50
3.63 16.8 0.19 1.8 1.17 0.80 0.60 45
4.00 16.3 0.90 1.7 1.38 1.09 0.92 40
4.50 15.5 1.80 1.5 1.58 1.56 1.25 36
4.75 15.0 2.79 1.45 1.72 1.63 1.45 34
5.00 14.7 3.70 1.35 1.83 1.83 1.65 32
5.25 14.1 4.60 1.3 1.95 1.95 1.81 30
5.50 13.8 5.60 1.2 2.10 2.10 2.00 28

Note: I is the current for the value of V,, at 1.0 MHz. If V,, changes due to resistor or
capacitive loading, the value of |, also changes.
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3.5.5.2.1 CMTL Power Example

As an example of calculating Pcyt assume that a
differential CMTL driver (OD32TCMT) with active termi-
nation (see Figure 3-8) is used for point to point com-
munications driving an unterminated controlled
impedance PCB lines having a Zg of 50 ohms. Assume
Vpp=5.0V, f=100 MHz, and T; = 4.0 ns. From Table
3-23, Rp = 32 ohms, Iyt = 8.7 MA, Cpq = 14.7 pF, Tyye
=1.85ns, and Vg = 1.83 V. Assume the package and
fan-in capacitance is such that C; = 5.0 pF/line. For f =
100 MHz, T = 10.0 ns.

From Eq. (3-16):
PcL = (10+14.7) (1.83) (5) (100)
= 22,600 pW or 22.6 mW

From Eq. (3-17) Pg_ = 0 since R is not used.
From Eq. (3-18):
Paet = (100) (5) (3.7) (10-2(1.35))
= 13,505 pW or 13.5 mW
From Eq. (3-23):
Since solving for n gives N = 0; then % <T_ <'§I'
or25<T, <5

Then T, yop = (0+1) P-4 =1.0ns

From Eq. (3-24):

_32-50 _
Ps = 33450 - 022

From Eq. (3-21):

_1o_
YTy ) =25
Therefore P ye must be calculated for K= 2
(TL _MODy =1.25ns)and K=3 (TL _MOD3 = 0.833 ns)
and then’interpolate for K = 2.5.

From Eq. (3-20):

_ 125
CrL _MoD, = 505 = 25 pF and

0.833

CTL_M003 = 0.05 =16.67 pF
From Eq. (3-19): \
-0.22
PLing, = (100) (25) (5) (1 8y L (02D )
(1+ (-0.22) )

= 20,763 pW
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(1= (-0.22)%)

P = (100) (16.67) (5) (1.83)
LINEg (1+(-0.22)%

= 15,581 uW

Interpolating for K = 2.5, P ;g = 18,172 pW or 18.2
mW, but for differential drive, P g must be doubled
since there are two lines. Use the value of 36.4 mW for
line power.

Therefore, the total CMTL power is:

PourL = (22.6) + (0) + (13.5) + (36.4)
=725 mW

As another example, assume that the previous exer-
cise used a termination resistor of R = 100 ohms in or-
der to match the two 50 ohm transmission lines. The
loaded V, can be calculated using the following equa-
tion.

- o _ 50) y
= Vorvz; = 1.83(32+50 (3-26)

=1.12 Volts

O (joaded)

lact = 0.19 mA due to the reduced Vg amplitude
which is approximately the same as Vpp=3.6 V(@ 1.0
MHz) with no output load (see Table 3-23).

From Eq. (3-16):
PeL = (10+14.7) (1.12) (5) (100)
=13,832 uyW = 13.83 mW

From Eq. (3-17):
1.12
PRL = 4(@7
=43.46 mW
From Eq. (3-18):
ot = (100) (5) (0.19) (10-2(1.35))
=694 uW or 0.69 mW

Since the differential lines are terminated, P yg =0,
therefore the total power is:

PomtL = 13.83+43.46 +0.69 = 57.98 mW
The external power dissipated by R, from Eq. (3-25):

)(5_1.12) X106 = 43,456 pW

_ . 12)
EXT_RL = ~q00 o5 X10°

= 12,544 pW or 12.5 mW

P

The CMTL on-chip power for the unterminated line
(72.5 mW) is higher than the terminated line (57.98
mW) at 100 MHz for Vpp = 5 volts.
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3.6 DELAY ESTIMATION PTV = process, temperature, and voltage scaling
The switching characteristics (SC) data which is in- factors for 3.3V and 5.0V. (Table 3-25, Table 3-

cluded on each macro data sheet (see example in Fig- 26)
ure 3-19) shows the nominal performance of the macro The input rise/fall time delay, tjyp, of a macro is de-
under typical conditions, but the SC tables can also be ~ Ppendent on the output rise and fall time of the driving
used in calculating delay paths under various condi- macro. The output rise and fall time of the driving macro
tions. The delay calculations described in this section ~ can be determined by the following equations.
are useful in estimating critical paths under any operat- t =t ot K3CL. (3-29)
ing condition. The following equations are the same as ror n

‘ those used by the CAD system, except for certain sim- t = o +K4C (3-30)
plifications and assumptions. A complete description of where:
the delay and timing equations is availabie in application tro, tio = no-load output rise/fall times from driving
note AN1093/D, Delay and Timing Methods for CMOS macro (see Figure 3-19)
ASICs. K3, K4 = output rise/fall time K-factors from driving

macro (see Figure 3-19)
Cyin = total capacitive load on the input net {pF}
(Table 3-27)

3.6.1 Delay Equations

The macro delay is dependent on the no-load delay,
input rise/fall time delay, load delay and operating con-
ditions. (Note that the RC delay is neglected in these . . i
equations.) The rising and falling delay equations are: Table 3-24 Estimated Input Rise/Fall Time Delays

to g = (tPLHo+tINPr+K1CLOm)PTV (3-27)

topL = (t,,H,_O»ft,NPf + K2CLout)PTV (3-28)

where: 0.25 -0.04 -0.03 -0.03 -0.03
. i 0.50 0 0 0 0
tpLHO t PHLO = Tising and falling macro no-load
delays (see Figure 3-19) 1.0 0.08 0.06 0.05 0.05
tinpy, tinpg = estimated input rise/fall time delay 2.0 0.24 0.18 0.16 015
(Table 3-24) 3.0 0.40 0.30 0.27 0.25
K1, K2 = rising and falling load sensitivity K-factors 4.0 0.49 0.37 0.32 0.30
(see Figure 3-19) 6.0 0.67 0.51 0.42 0.40
C_out = total capacitive load on the output net {pF} 8.0 0.85 0.65 0.52 0.50
(Table 3-27)

CMOS SWITCHING CHARACTERISTICS
(Input Edge Rate t,,t; = 1.00ns) T; = 25.0°C (Nominal) all units are in ns.

50V 33V
Sym Parameter FO=0] FO=2| FO=8|K (ns/pF)| FO=0| FO=2] FO=8]K (ns/pF)
DFFRP
tpry  |Propagation Delay, 0.90 | 0.98 | 1.23 DPLHO B33 (1. o™ 117
tey |CKtoQ 0.91 [ 0.99 [ 1.22(tpH 0k 132 | 1.{ K2 R 0.92
tpry  |Propagation Delay, 1.05 [ 1.13 | 1.38 Y=—erefB 1.51 | 1.0ommpgy 1.16
tpy  |CKto QB 1111 119 | 1.41 0.76 1.56 | 1.66 | 1.93 0.92
tpyL  [Propagation Delay, RB to Q 0.40 | 0.47 | 0.70 0.76 0.57 | 0.67 | 0.94 0.93
tpry  |Propagation Delay, RB to QB 0.55 | 0.63 0.488(']‘[0‘? 0.77 | 0.9 K3 1.16
t, Output Rise Time, Q 0.18 | 0.42 [ 1.15ywumet® B} 0.23 0.5—}F 3.42
ty _ |Output Fall Time, Q 0.17 1 029 | 0.64(" t,, 34021 | 0.0 K4 1.41
t Output Rise Time, QB 0.13 | 0.37 | 1.11 eyl 0.18 [ 0. o0 3.45
1] Output Fall Time, QB 0.14 | 0.26 | 0.61 1.17 0.21 | 0.35 | 0.77 1.40
Capacitance per fanout = 0.05 pF (metal capacitance is not included)

Figure 3-19 Example Switching Characteristics Table
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Table 3-25 3.3 V Process, Voltage, Temperature Scaling Factors (Normalized to Typical)

Table 3-26 5.0 V Process, Voltage, Temperature Scaling Factors (Normalized to Typical)
i
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Table 3-27 Metal and Total Load Capacitance Based on Array and Fanout

Note: Cy, = typical metal capacitance per array; Ci jn, Ci out = Crn + (fanout)e 0.05.

VDD =3.0V

@ o] o Q @ ONL16 ouT
CKIN > chFRP

50V k)gi(:‘I 3.3V logic
- |e
ICXN
QBi-
RB

Net Fanout =6 o

Figure 3-20 Example Delay Path

3.6.2 Example Delay Calculation

The delay calculation for path CKIN to OUT in Figure
3-20 is demonstrated below. The assumptions are: P =
worst-case, T =70°C, VDD = 3.0 V, t, = 1.0 ns at CKIN,
and the array is an H4CP109. The values for the no-load
delays (tp o tpHL0) @nd K-factors can be found in the
Switching Characteristics (SC) tables in Section 7 for
macros ICXN, DFFRP, NAN2, and ONL16.

The input signal swing to macro ICXN is 5.0 V and the
core logic is 3.3 V, with a 3.3 V output macro. Each delay
calculation must take into account the logic signal swing
and the associated VDD voltage. For /O macros there
are four possible logic signal swings to consider and as-
sociated VDD voltages and for the core macros only two
logic swings and associated VDD voltages are possible.

Only the rising edge will trigger the clock input of
DFFRP and the path is CKIN to the CK input of DFFRP.
The DFFRP CK input is non-inverting, therefore only the
rising edge will be calculated for the input path to
DFFRP input CK. The path from DFFRP Q output to the
OUT pin will have both rising and falling edges
calculated.
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3.6.2.1 Delay from CKIN to Node A

The signal at CKIN is a 5.0 V logic swing with a rise
time of 1.0 ns and the signal at point Ais a 3.3 V logic
swing. The macro type is ICXN with VDD = 3.0 V
since all input macros are tied to the core power bus.
The input ESD diode is connected to 5.0 V because it
is interfacing to a 5.0 V logic level. The correct SC ta-
ble for this macro has a heading of 5.0/3.3 V. The ris-
ing edge delay time is calculated by using Eq. (3-27).

to y = (0.39+0.05+0.15(1.27)) 1.66 = 1.05ns

where:

The first term tp 1y is the rising macro no-load de-
lay. This number is from the ICXN SC table. tp 19 =
0.39

The term ti\p_is the input rise time delay. This num-
ber is from Table 3-24, for a 1.0 ns rise time. tinp, =
0.05

The third term K1(Cy,,) is composed of two parts.
The first K1 is the rising load sensitivity K-factor and
is from the ICXN SC table. The other part C, o is the
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capacitive load on Node A and is determined from Table
3-27, for array type H4CP109 with a fanout of 6.
K1 =0.15, C oy = 1.27 pF

The last term, PTV, is from Table 3-25. PTV = 1.66

3.6.2.2 Delay from Node A to Node B

From this point on two cases must be considered.
Case1 is when DFFRP output Q is a rising edge and
case 2, when DFFRP output Q is a falling edge. Each
case will retain the phase information through out this
example, so that case 1 and 2 may be summed at the
end, for a total input output delay for each output edge.

Case 1:

The signal at A is a 3.3 V logic swing with an un-
known rise time and a fanout of 6. The signal at point B
is a 3.3 V logic swing. The macro type is DFFRP, and
the SC table heading is 3.3 V. The rising edge delay
time will be calculated, but first the input rise time of the
driving signal at point A needs to be calculated.

Node Arise time is calculated by using Eq. (3-1).

t, = 0.15+0.35(1.27) = 0.59ns

where:

The first term t,q is the no-load output rise time from
the driving macro, ICXN. This number is determined
from the ICXN SC table. t,g = 0.15

The next term K3(Cy,,) is composed of two parts, the
first, K3, is the output rising time K-factor and is deter-
mined from the ICXN SC table. The other part, Cj,, is
the capacitive load on Node A, is determined from Table
3-27, for array type H4CP109 with a fanout of 6.

K3 =0.35, C;, =1.27 pF

Now that the rise time of node A is known. The rising

edge delay time is calculated by using Eq. (3-27).

to yy = (1.23+0.01+1.17(0.29)) 1.66 = 2.62ns

where:

The first term tp g is the rising macro no-load delay.
This number is determined from the DFFRP SC table.

The term t \p, is the input rise time delay. This num-
ber is determined from Table 3-24, using the 0.59 ns
rise time that was calculated above. t yp, = 0.01

The third term, K1(Cyo,y), is composed of two parts,
the first, K1, is the rising load sensitivity K-factor and is
determined from the DFFRP SC table. The other part,
Clout: is the capacitive load on Node B and is deter-

mined from Table 3-27, for array type H4CP109 with a

fanout of one. Kt = 1.17, C_ oyt = 0.29 pF
The last term PTV is from Table 3-25. PTV = 1.66
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Case 2:

The signal at A is a 3.3 V logic swing with a 0.59 ns
rise time as calculated above in Case 1. The signal at
point B is a 3.3 V logic swing. The macro type is DFFRP,
and the SC table heading is 3.3 V. The falling edge de-
lay time will be calculated, by using Eq. (3-28) with a
small change. The second term t yp, is changed to the
rising edge t \p, because only the rising edge will trig-
ger the clock input of macro DFFRP.

to = (1.32+ 0.01 +0.92(0.29)) 1.66 = 2.65ns

Where each term is determined similarly as in case 1.

3.6.2.3 Node B to Node C

Two cases need to be considered. Case 1 is when the
NAN2 output is a falling edge and case 2, when the
NANZ2 output is a rising edge.

Case 1:

The signal at B is a 3.3 V logic swing with an unknown
rise time and a fanout of one. The signal at point C is a
3.3 V logic swing. The macro type is NAN2, and the SC
table heading is 3.3 V.

First, the input rise time of the driving signal at point
B must be calculated. The input signal is inverted prop-
agating through macro NAN2, so the falling output delay
calculation requires that the input rise time be used.
Node B rise time is calculated by using Eq. (3-1).

t = 0.23+3.42(0.29) = 1.22ns

Where each term is determined similarly as previous-
ly described.

Now that the rise time of node B is known, the falling
edge delay time will be calculated by using Eq. (3-28)
with a small change. The second term, typ;, is changed
to the rising edge t yp, because of the input edge being
inverted as it passes through macro NAN2.

toy, = (0.34+0.12+1.50(1.14)) 1.66 = 3.61ns

Where each term is determined similarly as previous-
ly described.

Ciout is the capacitive load on Node C. The load on
Node C is equivalent to one ONL16 plus the metal for a
fanout of one.

Use the equation below to find the capacitive load on
Node C. :

Clout =IPC+C

C = 0.90+0.24 = 1.14pF

Lout
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where:

The first term is IPC of the output macro. This num-
ber is determined from the ONL16 input capacitance ta-
ble. IPC =0.90

The last term is from Table 3-27. Cm = 0.24

Case 2:

The signal at B is a 3.3 V logic swing with an un-
known fall time and a fanout of one. The signal at point
C is a 3.3 V logic swing. The macro type is NAN2, and
the SC table heading is 3.3 V.

First, the input fall time of the driving signal at point B
must be calculated. Node B fall time is calculated by us-
ing Eq. (3-30).

t; = 0.21 +1.41(0.29) = 0.62ns

Where each term is determined similarly as previ-
ously described.

Now that the fall time of node B is known, the rising
edge delay time will be calculated by using Eq. (3-27)
with a small change. The second term, t |\p,, is
changed to the falling edge t \yp; because of the input
edge being inverted as it passes through macro NAN2.

to y = (0.17+0.01+1.15(1.14)) 1.66 = 2.48ns

Where each term is determined similarly as previ-
ously described.

3.6.2.4 Node C to Pad OUT

Two cases need to be considered. Case 1 is when
the ONL16 output is a falling edge and case 2, when
the ONL16 output is a rising edge.

Case 1:

The signal at C is a 3.3 V logic swing with an un-
known fall time and a fanout of two. The signal at point
OUT is a 3.3 V logic swing. The macro type is ONL16,
and the SC table heading is 3.3 V.

First, the input fall time of the driving signal at point C
must be calculated. Node C fall time is calculated by us-
ing Eq. (3-30).

tf = 0.22+254(1.14) = 3.12ns

Where each term is determined similarly as previ-
ously described.

Now that the fall time of node C is known, the falling
edge delay time will be calculated by using Eq. (3-28).

tpyL = (0.82+0.31+0.02(50)) 1.66 = 3.53ns
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Ciour is the capacitive load on Node OUT. The load
on Node OUT is 50 pF. C oyt = 50 pF

All other terms are determined similarly as previously
described.

Case 2:

The signal at C is a 3.3 V logic swing with an un-
known rise time and a fanout of two. The signal at point
OUT is a 8.3 V logic swing. The macro type is ONL16,
and the SC table heading is 3.3 V.

First the input rise time of the driving signal at point
C must be calculated. Node C rise time is calculated by
using Eq. (3-1).

t = 0.29+3.44(1.14) = 4.21ns

Where each term is determined similarly as previ-
ously described.

Now that the rise time of node C is known, the rising
edge delay time will be calculated by using Eq. (3-27).

toLy = (0.71+0.53+0.02(50)) 1.66 = 3.71ns

Cyout is the capacitive load on Node OUT. The load
on Node OUT is 50 pF. C| o4 = 50 pF

All other terms are determined similarly as previously
described.

3.6.2.5 The Total Path Delay

The total delay from CKIN to OUT is the sum of the
delays across each macro. The two cases are not iden-
tical because the rising and falling delays are not the
same. The general equation is:

I =5 ckintoa) * o (atoB)
+t +t
P(BtoC) P(CtoOUT)

For Case 1 the delay total is:
2tp = 1.05+2.62+3.61+3.53 = 10.81ns

For Case 2 the delay total is:

to, = 1.06+2.65+2.48 +3.71 = 9.89ns
P

3.7 METALLIZED SRAMs

The H4CPlus Series library includes a family of asyn-
chronous single-, dual-, and quad-port metallized
SRAM blocks up to 2304 bits. Single-port SRAMs are
designed for low-power and dual-port SRAMs are opti-
mized for high-speed. A comprehensive guide to using
these blocks and their performance is shown in the
SRAM macro data sheets in Section 7.5.
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Table 3-28 Features of Metallized SRAMs 3.8 ANALOG PHASE LOCKED LOOP
o Motorola’s analog phase locked loop (APLL) optimiz-
es ASIC and system-level clock skew by reducing in-

Strobe ,Asymhmnous sertion delay and providing frequency multiplication.

Ports_ Single, Dual, Quad Clock skew is caused by the difference in insertion de-

Construction | Gate-array Based lay required for the system clock to propagate into each

Max. Words 64 (SP) IC. Further, insertion delay into an IC is dependent on

Bits/Word 9-72 (DP) the load of the internal clock tree and the input edge

Max. Block Size 2304 bits rate. The APLL controls IC-to-IC clock skew by syn-

Min. Gate Density ~3 gates/bit chronizing their internal clocks with the system clock.

Availability fixed sizes For further description regarding the use of the APLL for
Routing Impact |M2 partial, M3 open maximizing operating frequencies see application note, 3

AN1522/D, Analog Phase-Locked-Loop for H4CPlus

and M5C Arrays.
Table 3-29 Sizes of Metallized SRAMs Motorola’s Analog PLL Features:
allized SRAM » Supported output clock rates (FVCO):

60to 160 MHz @ 3.3V
70t0 250 MHz @ 5.0V
e Lock Time < 25 ps

) 89 T6x18

¢ Input reference frequency:
8x18 8x18 16x36 FREF = FVCO/N where N <16
16x8 8x36 32x18 e 1200 ps jitter
16x18 8x72 32x36 * Phase Error + 50 ps single-ended input
16x36 16x9 * Phase Error + 200 ps differential input
3278 16x18 o :\lo er)t(_temdal Icomp(;:metr)ts required
¢ Insertion delay reduction
32x18 16x36  Frequency mmtiplication
32x36 16x72 « Application note available
64x18 32x9
64x36 32x18
32x36 Table 3-30 APLL Macro Selection Guide
32x72
Single-ended <N <
3.7.1 Multiple Memory Blocks At 3V (CMOS) 1=
It is possible to combine two or more memory blocks APDL1 33V D'f;eéec'r'al 1<N<4
to create larger memory blocks. When multiple memory - ( )
blocks are used, the customer is responsible for creat- APL2 3.3V S'"gclaggded 5<N<16
ing the external decoder logic needed. The maximum ( .)
number of SRAM blocks on an array is restricted to 16, APDL2 33V D'f;,eég;_"al 5<N<16
depending on array/SRAM sizes. - ( )
. AP1 sov | Single-ended 1<N<4
3.7.2 Array Sizing (CMOS)
To choose an array into which a design with APDA1 soy | Differential 1<N<4
SRAM(s) will fit, two considerations must be evaluated: (PECL)
the physical size/layout of the SRAM(s) and the gate AP2 50y | Single-ended 5<N<16
utilization. This information is given in the SRAM macro (CMOS)
data sheets in Section 7.5. APD2 5.0V D'(f;“"égr"_t;a' 5<N<16
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Figure 3-21 Analog PLL Macro Symbols

3.8.1 General Description

Two basic versions of the APLL are offered. A normal
CMOS single-ended clock input version (FREF), and a
PECL differential clock input version (FREF and
FREFB). In addition, different versions exist for 3.3 V
and 5.0 V cores as well as for the integer multiple (N)
between output and input reference frequencies. All to-
gether, eight combinations of the APLL exist and are
summarized in Table 3-30. As an example, if an APLL is
desired to operate with a 3.3 V core, single-ended (S.E.)
clock input and with an integer multiple of 10 (FREF =
FVCO/ 10), the APL2 macro would be selected.

On arrays which use 3.3 V and 5.0 V power simulta-
neously, the APLL I/O’s are powered by the same sup-
ply as the array core.

3.8.2 APLL Macrocell Descriptions

The APLL macro symbol is shown in Figure 3-21 and
is supported in Motorola’s H4CPlus Series library. Three
test pins are utilized to bypass the APLL to test the core
logic and to test the APLL. The three test pins are tied to
AVSS in the application. Table 3-31 contains a descrip-
tion of the six (seven for differential PECL) fixed I/O pins
for the APLL. Table 3-32 describes the five APLL signals
which interface to the array core. Up to two APLL’s may
be used on an array. If one APLL is used, P1 must be
appended to the array name in design_info and the
APLL is located in the lower left corner of the die. If two
APLL’s are used, P2 is appended to the array name and
the second APLL is located in the upper right corner of
the die.

Table 3-31 Analog PLL Pin Description

"TESTSEL

AVDD Analog VDD Supply (for low noise) Test Select (for test only)

AVSS Analog VSS Supply (for low noise) TESTOUT Output Frequency (for test only)
FREF Reference Frequency Input (CMOS and PECL) VCOCTL VCO control voltage (for test only)
FREFB Reference Frequency Input (PECL)
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Table 3-32 Analog PLL Core Signal Descriptions

p P! P!
FREF_CORE | Output to the Core from the Input Buffer | | FVCO_DIV2 | VCO output + 2

FREF_MUX | Input to the phase det. from ref. freq.

~<—|/O Cell

Left Side of Die

TESTSEL
FREF_CORE

FREF_MUX
FVCO
FVCO_DIV2
FFB

FREFB*

FREF

TESTOUT

OVvDD3

OVDD5

OovsSs

VCOCTL
AVSS

Bottom of Die VSS VDD
AVDD
* The FREFB input and its related I/0 cell is only used with the PECL version of the APLL.

Figure 3-22 Typical Analog PLL Layout
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CORE Macros
APLL /O Macro
FREF_CORE
FREF_MUX
Board-Level
System Clock
> FREF FVCO
FVCO_DIvV2
FFB
AP1
CIRCUIT
BOARD ASIC

Figure 3-23 Clock Distribution with APLL

Figure 3-22 shows the lower left corner of an
H4CPlus array with a PECL Differential APLL. All of the
circuitry is located inside the thick black line and uses
four (five with PECL input) I/O cell sites. For single-end-
ed APLL macros, signal FREFB is not used and TEST-
SEL is placed in that location. Only the first three die
pads and I/O cells are used on the left side of the die
with a single-ended clock input (FREF).

Figure 3-23 contains a typical application of the
APLL. The divider blocks (+ L and + M) are used to ad-
just for desired clock frequencies and to center the
APLL FVCO and FVCO_DIV2 outputs. The PLLDELAY
macro is a delay element for matching the delay of the
M divider block when M > 1. As an example, assume a
5.0 Volt core, and a 40 MHz clock tree is desired. With
an input reference frequency of 20 MHz, L=2 and M =
2. By selecting N = 8, (2 x 2 x 2), the FVCO_DIV2 is
forced to 80 MHz. This is approximately the middle of
the operation frequency range, since the FVCO_DIV2
range is between 35 and 125 MHz. (In this example
macro PLLDELAY is used to adjust delay times.)
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3.8.3 APLL Operation

Figure 3-24 contains a block diagram of the APLL
macro. Basically, the APLL is a classical second order
system that compares the phase of the input reference
clock (FREF) with the phase of the feedback signal
(FFB), and adjusts the phase of the FFB signal to be
locked in phase and frequency with the FREF signal. It
uses a type IV phase/frequency detector that sends
correction pulses to a charge pump. The charge pump,
based on the correction pulses, either adds or subtracts
charge from the on-chip passive loop filter, thereby al-
tering the control voltage of the VCO. The VCO, in turn,
produces a different phase and frequency which is fed-
back to the phase detector. Correction pulses are gen-
erated until the APLL is locked. Frequency
multiplication is easily implemented by putting a digital
divider in the feedback path.
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APLL
“|Phase || Charge _J Loop vCO
Detector § | Pump Filter 7T
1
MUX
I—O J
.
A
‘i Test Logic
R
ASIC I/O Cells

Figure 3-24 APLL Block Diagram

3.9 JTAG BOUNDARY SCAN

JTAG is a standardized boundary scan methodology
used for board-level testing to detect faults in package
and board connections, as well as internal circuitry. In
1985, a group of European companies (Joint Test Ac-
tion Group) developed a method of system test which
was later standardized. This standard, IEEE 1149.1,
defines testing of interconnections between ICs, inter-
nal IC circuitry, and observing and modifying normal cir-
cuit operation.

Motorola fully supports the IEEE 1149.1 standard
with a complete family of JTAG I/O buffers and JTAG
control functions.

A complete guide to the use of Motorola’s JTAG is
available in an application note, AN1500/D, IEEE Std.
1149.1 Boundary Scan for H4C™ Arrays With
H4CPlus™ Supplement.

3.9.1 General Description

The minimum IEEE 1149.1 JTAG architecture, see
Figure 3-25, consists of a Test Access Port, TAP con-
troller, scannable instruction register, bypass register,
and boundary scan register. Device ID and design test
registers are optional.

H4CPlus Series Design Reference Guide

3.9.1.1 TAP and /O Periphery Signals

The Test Access Port (TAP) provides access to on-
chip test structures and consists of five externally ac-
cessible signals which are used to control and observe
boundary scan test data. (An additional pin is required
if Mustang ATPG is used.)

TCK is the test clock used to synchronize all JTAG
functions and allow test data flow independent of the
system clock. The Test Mode Select signal, TMS, con-
trols the operation of the JTAG circuitry by controlling
the TAP controller. TRSTB is an optional reset input for
the TAP controller. TDI and TDO are the Test Data Input
and Output ports for test instructions and data.

Six internal JTAG signal lines encircle the periphery
of the array to provide efficient interconnection for the
JTAG I/0 macrocells. These signal lines include CKDR,
SHDR, UDDR, IMC, OMC, and TDI/TDO (TDl and TDO
share the same signal network). Except for TDI/TDO,
these signals require special buffers to interface the I/O
periphery with the JTAG logic within the core.

MOTOROLA
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Motorola JTAG Features:

* |EEE 1149.1 standard

¢ Minimum impact on silicon area and performance
¢ Mustang and FastScan ATPG compatible

¢ Only four pins are required for JTAG signals

BOUNDARY SCAN
REGISTER

TAP
CONTROLLER

3> DEVICE ID A MUX
REGISTER
B x
- c
|  DESIGN TEST D
_)I REGISTER SL
BYPASS
REGISTER
INSTRUCTION
—>  DECODE

A

INSTRUCTION
REGISTER

ARRAY

CORE

10
PERIPHERY

JTAG CLOCK AND
CONTROL SIGNALS

Figure 3-25 Simplified JTAG Functional Diagram

3.9.1.2 JTAG Control and Test Registers

The TAP Controller (FMC_TAPC) is a synchronous,
16-state machine which controls and manages the
mode of operation for the test circuitry, see Figure 3-26.
An example of the operation of the tap controller is
shown in Figure 3-27 where the TAP controller is se-
quenced through most of its test states. The TAP con-
troller (FMC_TAPC) is a soft macro that is placed as a
unit.

The Instruction Register encodes various public
and private instructions defining which test registers are
used and the serial test data register path between TDI
and TDO. Public instructions are defined by the 1149.1
specification to perform several basic tasks, see Table
3-33. Extestchecks the board interconnections between
components, Intestis used to perform tests on the inter-
nal logic of the ASIC, Sample allows the normal opera-
tion of the ASIC while sampling external 1/O signals,
IDcode selects the Device ID register to extract the iden-
tification code, and Bypass selects the Bypass register
to redirect the test data from TDI directly to TDO, effec-
tively removing the IC from the boundary scan chain.

MOTOROLA
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Private instructions are defined by the user to perform
additional tasks as needed. The Instruction Register is
configured from MC_IREG or MC_IREG4 macros to
provide the necessary number of instruction bits.

The Instruction Decoder is user-defined and trans-
lates the instructions into separate signals for controlling
the test registers and register multiplexer.

The Boundary Scan Register is the chain of JTAG
1/0O macrocells that are linked together to form a shift
register around the periphery of the array. This register
enables non-intrusive monitoring of I/0 signals and the
scanning of predetermined patterns into the register to
produce a known condition in the I/O buffers. Test data
enters the boundary scan register through the TDI port,
then is shifted around the array through each JTAG 1/O
cell in a counterclockwise direction, and finally exits
through the TDO port. Non-JTAG I/O macrocells and
unused /O sites are not part of the boundary scan reg-
ister, and therefore are transparent to the test data
movement.
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Test Logic Reset

Select-IR-Scan
O) 0

! Capture-IR
0

@ = "D" State of
TAP Controller

0 = Logic State of TMS
"0" = Off/Low
"1" = On/High
.
Figure 3-26 TAP Controller 16-State Diagram
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Figure 3-27 Example Timing Diagram for JTAG Test Cycle

H4CPlus Series Design Reference Guide MOTOROLA
3-35



DESIGN CONSIDERATIONS

Table 3-33 Public Instructions

0|0f|O Extest Bouridary Scan Test
0|0 |1 Intest Boundary Scan Test
[ 0 Sample* | Boundary Scan | Normal
0 1 1 Optional

1]o|o IDcode | DeviceID | Normal
1 0 1 Optional

1 1 0 Optional

1 [ 1 ]1] Bypass* | Bypass | Normal

* Required

The Bypass Register is a single-bit shift register
used to provide the shortest path between TDI and
TDO. This enables the scan chain of one ASIC to be
minimized so that another component may be more
easily tested. The Bypass register is implemented us-
ing a BPREG macro.

The Device Identification Register is a 32-bit regis-
ter which holds a manufacturer’s identity code, part
number and version code. The bit assignment for the ID
code is given in Table 3-34. Customers must use a
Motorola assigned JTAG identification numbers.
Please contact a Motorola sales representative for in-
formation.

Table 3-34 IDREG ID Codes

0-11 Motorola Inc. Identification
12-21 Sequence Number
22-27 Motorola ASIC Identification
28-31 Version Number

Design Test Registers are design-dependent and
are optionally used to provide additional design-specific
testability. Various forms of scan methodologies, in-
cluding Edge/Level Sensitive Scan Design (ESSD/
LSSD) and Built-In Self Test (BIST), can be used.

3.9.2 General Design Guidelines
The following guidelines are presented here to pro-
vide a general view of JTAG design requirements.
Guidelines for Designing with JTAG:
* Special design rules apply depending on array
size, speed requirements, and Mustang ATPG
compatibility for ESSD/LSSD scan.
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¢ When using the ISS2000™ tester, TDI, TDOUT,
TMS and TCK 1/O macros must each be
assigned to a “scannable” package pin identified
by an asterisk (*) in the pad-to-pin cross-refer-
ence tables.

¢ Al JTAG output buffers have high-drive versions
available for greater current capacity.

e All JTAG I/O macros must comply with standard
ERC (electrical rule checks) for non-JTAG 1/O.

e Some JTAG macros require either an I/O site
without a bonding pad or an I/O site whose pad
is not assigned to a package pin.

3.10 H4CPlus Versus H4C Performance

Major performance improvements have been
achieved in the design of H4CPlus in comparison to
H4C. The performance improvements are in the output
drive strength (IDS) of the devices. However, because
device sizes are the same, major intrinsic delay im-
provements are not expected. There are four factors
which contribute to the internal macro improvements.

1. The drive factor for H4CPlus is better.

2. Input gate loading capacitance is lower (0.05
v.s. 0.06 pF).

3. Routed metal capacitance is lower.

4. Typical rise time will be faster than H4C.

The combination of these factors result in better rise/
fall times and therefore better performance. This perfor-
mance improvement has been verified in test cases us-
ing Verilog and Decal. Improvement can also be
verified by running a timing simulation on critical nets
using the Motorola OACS system.

Data published in the reference guides may not al-
ways seem to support the performance improvements.
The reason for this is in data presentation. The
H4CPlus library data uses a more accurate measure-
ment for voltage input threshold (0.4 X VDD), where in
H4C VDD/2 was used for the AC measurement. The
major difference in the generation of the data within the
reference guides is in the balanced “B” macros (i.e.
NAN2B). The “B” type macros were not characterized
at their actual threshold of 2.5 V for H4CPlus, and
therefore the two edges will appear unbalanced.

H4CPlus Series Design Reference Guide
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SECTION 4. PACKAGES AND ARRAY FLOORPLANS
4.1 PACKAGE SELECTION

Table 4-1 Package Selection |

rray (Die
# of 1/O Cells

# of Programmable Signal or Power and 156 184 212 252 280 304
Ground Pads*

ize)

# of Dedicated Power and Ground Pads* 20 32 44 52 64 72

128 QFP (CU) Q AF AF AF

160 QFP (CU) Q A AF AF AF

208 QFP (CV) Q A AF AF

240 QFP (CU) AF

160 MicroCool (CD) Q AF AF AF
208 MicroCool (CD) Q AF AF AF
169 OMPAC (CU) Q A A A

225 OMPAC (CU) Q A A A P P
313 OMPAC (CU) A A A

*Numbers indicate Wirebond pads availability

QFP: Plastic Quad Flat Pack (CU) denotes Cavity Up (CD) denotes Cavity Down

MicroCool: QFP-type package with heat slug

All QFPs and MicroCools are manufactured with Molded Carrier Ring (MCR)

OMPAC: Over-Moided Pad Array Carrier, a PGA type package with solder balls instead of pins,
Prototypes for the 169 and 225 OMPAC are supplied in a GTPAC package (see Page 4-70 and Page 4-75
for mechanical drawings)

A- Available

F- Flexible power pin assignment.

P- Planned.

Q- Qualified. (Consult factory for qualification status)

Note: The 225 OMPAC package is limited to the following three combinations of mixed (System/Core) power combinations:

5V/5V,3V&5V/5V,and3V/3V.

H4CPlus Series Design Reference Guide MOTOROLA
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4.2 PACKAGE THERMAL AND POWER INFORMATION

Table 4-2 Estimated Theta Junction to Ambient for Packages

128 QFP (CU) ¢ H4CP028 239 X 239 | 300 X 300 31.6 20.4 28.0 27.2 26.2
160 QFP(CU) ¢ H4CP028 239 X239 (380X 380 | 31.8 29.6 28.0 27.2 26.4
128 QFP (CU) ¢ H4CP048 287 X 287 (300X 300 | 30.7 28.3 26.9 26.2 25.2
160 QFP(CU) ¢ H4CP048 287 X 287 [ 350X 350 | 30.9 28.5 271 26.4 25.4
208 QFP (CU) ¢ H4CP048 287 X 287 (380 X 380 28.6 26.0 252 247 242
128 QFP (CU) ¢ H4CP075 337 X 337 {350 X 350 27.9 25.5 24.0 23.2 22.3
160 QFP (CU) ¢ H4CP075 337 X 337 (400X 400 | 28.0 25.7 242 23.4 225
208 QFP (CU) ¢ H4CP075 337 X 337 | 380X 380 | 27.6 25.0 242 23.7 23.2
160 QFP (CU) ¢ H4CP109 391 X391 {450 X450 [ 25.2 23.0 214 20.7 19.8
208 QFP(CU) ¢ H4CP109 391 X391 [ 450X 450 | 24.9 22.3 215 21.0 20.5
240 QFP(CU) A H4CP109 391 X391 (453X 453 | 21.0 17.7 16.5 15.7 13.2
160 MicroCool (CD) ¢ H4CP109 391 X 391 | 452 X 452 16.1 14.8 13.7 13 1.5

208 MicroCool (CD) ¢ H4CP109 391 X 391 | 452 X 452 16.2 14.9 13.8 13.0 11.6
160 MicroCool (CD) ¢ H4CP146 438 X 438 | 535 X 535 16.0 14.7 13.6 12.8 1.4

208 MicroCool (CD) ¢ H4CP146 438 X 438 | 535 X 535 16.1 14.8 13.6 12.9 1.5
160 MicroCool (CD) ¢ H4CP178 476 X 476 | 535 X 635 15.8 14.6 13.4 12.7 1.3
208 MicroCool (CD) ¢ H4CP178 476 X 476 | 535 X 535 15.9 14.6 13.5 12.8 1.3
169 OMPAC (CU) ¢ H4CP028 239 X239 (278 X278 | 28.2 241 22.8 21.9 21.0
169 OMPAC (CU) ¢ H4CP048 287 X 287 | 296 X296 | 27.0 23.1 218 21.0 20.0
225 OMPAC (CU) ¢ H4CP048 287 X 287 (296 X296 | 24.0 20.4 18.9 18.1 16.8
169 OMPAC (CU) ¢ H4CP075 337 X337 [ 347 X352 | 239 20.5 19.3 18.6 17.8
225 OMPAC (CU) ¢ H4CPO075 337 X 337 | 347 X 352 231 19.6 18.2 17.4 16.1

225 OMPAC (CU) ¢ H4CP109 391 X 391 | 431 X 431 222 18.8 175 16.7 15.5
313 OMPAC (CU) A H4CP109 391 X 391 | 431 X 431 222 18.8 17.5 16.7 15.5
313 OMPAC (CU) A H4CP146 438 X438 (478X 478 | 21.1 17.9 16.6 15.9 14.7
313 OMPAC (CU) A H4CP178 476 X 476 | 516 X515 | 20.1 17.0 158 15.1 14.0

Note: See conditional information regarding power dissipation in section 4.3

QFP: Plastic Quad Flat Pack MCR: Molded Carrier Ring (CD)
MicroCool: QFP-Type Package with heat slug
OMPAC™: Over-Molded Pad Array Carrier, a PGA type package with solder balls instead of pins

¢: Actual, thermal test die used and characterized using a

n/a = not available at this time thermally enhanced test board.
(CD) Denotes Cavity Down
(CU) Denotes Cavity Up A: Preliminary information.

Note: Die and Cavity/Flag size are in mils x mils. Die Sizes listed are not actual, but are a close approximation.

MOTOROLA H4CPIlus Series Design Reference Guide
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4.3 CHOOSING A PACKAGE

Package cooling decisions will differ depending on
which power level target the customer wants to meet.
Hence, the thermal resistance data is interpreted to
provide recommendations for package cooling. The
following examples describe probable environmental
conditions anticipated when utilizing “low power”
CMOS technology in various system markets.

1. In the Mainframe Computer Market, forced air
cooling with 500 LFM airflow is standard in the
industry. Designers generally expect to use a
heatsink with any package. Currently the most
prevalent T (max) in this specific market is
105°C, with the highest ambient temperature
of the system specified at 60°C.

2. In the Small Mainframe, Workstation, and PC
Markets the most desirable cooling is passive,
meaning free air cooling (possibly aided by
utilizing a heatsink). If any airflow in these
systems is to be tolerated, it will be minimal
(less than 300 LFM at the location of the
package). In this market T j(max) is between 70
- 85°C, with the highest system ambient
temperature typically at 40°C.

3. The Telecommunications Market generally
uses no forced air or other special cooling
capabilities but these systems allow for higher
T,(max), typically up to 115°C with system
ambient temperatures of 70°C.

This wide variation, in both anticipated cooling
environments and temperature differentials between
package and ambient, clearly dictates the implemen-
tation of differently designed packages.

The following is one example of a package and its
associated estimated power dissipation which illus-
trates the considerations required to make a proper
choice in packaging.

208 QFP:

This package can dissipate up to 1.5 W of power
in a telecom environment with the 45°C temperature
differential and 1.3 W in the PC environment without
forced air. But in the 500 LFM airflow, mainframe
environment, the power dissipation could be raised to
nearly 2.0 W.

H4CPlus Series Design Reference Guide
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4.4 CALCULATING JUNCTION
TEMPERATURE:

A calculation of the average junction temperature
is based on the concept of thermal resistance
between the junction and a temperature reference
point on the case. A fine wire thermocouple should be
used, such as #36 AWG, to determine case tempera-
ture. Average operating junction temperature can be
computed from the following equation:

TJ =TA+ (R GJAX PD)
where: T = Junction Temperature (°C)

T A= Ambient Temperature (°C)
RO, o =Thermal Resistance Junction

to Ambient as specified (°C/W).
Pp = power dissipated in the device (W).

4.5 FIXED POWER AND GROUND

Each array has fixed power and ground as noted
in the array footprints and in the pin to pad tables. In
the pin to pad tables, fixed power and ground pads,
VSS, VDD, OVSS, OVDD3 and OVDD5 on the die
are for probe test and are array dependent. These are
identified by () around the I/O cell number. Package
dependent power and ground, OVSS and OVDD5 are
for final test and are noted in the pin to pad tables by
() around the word, OVSS, OVDD5.

Note:

In the 225 OMPAC package the power planes tie
VDD and OVDDS5 together which limits it to the fol-
lowing three combinations of mixed (Core/System)
power combinations:

5V/5V,5V/3V&5V,and3V/3V.

4.6 ANALOG PHASE LOCK LOOP

Each of the H4CPlus Arrays has the option of add-
ing an Analog Phase Lock Loop (APLL). There are
two APLL options available, APLL option 1 - located
in the bottom left corner of the array or APLL option 2
-located in the bottom left and top right corners of the
array. 1/O to pad interconnect will change for the top
and or the bottom side of the array and pad to pin
tables will change accordingly. I/O to pad interconnect
tables for each APLL option have been added to the
end of each array portion of Section 4. Naming con-
vention for the APLL options are as follows:

H4CPXXX Base Array -No APLL
H4CPXXXP1 Base Array -with 1 APLL
H4CPXXXP2 Base Array -with 2 APLL

MOTOROLA
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ovDD3
ovDD5 VDD
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8\\ H4CP028 }/‘5 0
. 10 Die Size 239 X 239 =y
2
=N
=5 W R ==
g 20 OVDD3 (4) 100 %_1 10
= NS
g 4.8 Mil Linear Pad Pitch (176 Total, 44/Side) %
& 4.0 Mil Linear I/O Pitch (160 Total, 40/Side) N
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3/24/94
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OVDD:
ovpps—(] :Q
ovss o NN N U aTaalaT) /: D\D\VDD
vss 50 60 70 80 VSs
VDD ovoos” ovpps OV
Figure 4-1 H4CP028 Footprint
Note:

P1 = Analog PLL option 1 (H4CP028P1) bottom left corner only,
see Table 4-6 for 1/0 to pad configuration.

P2 = Analog PLL option 2 (H4CP028P2) bottom left and top right corners,
see Table 4-7 for I/O to pad configuration.
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Table 4-3 H4CP028 128 (CU) QFP Pad to Pin Cross Reference

LEFT
DIE Vo
PAD CELL PACKAGE !
1 VSS - 45 VSS - 89 VSS - 133 VSS -
2 VDD - 46 VDD - 90 VDD - 134 VDD -
3 1 1 47 a1 33 91 81 65 135 121 97
4 2 2 48 42 34 92 82 66 136 122 98
5 3 3 49 43 35 93 83 67 137 123 99
6 4 4 50 44 36 94 84 68 138 124 100
7 5 - 51 45 - 95 85 - 139 125 -
8 6 5 52 46 37 96 86 69 140 126 101
9 7 6 53 47 38 97 87 70 141 127 102
10 8 7 54 48 39 98 88 7 142 128 103
1 9 8 55 49 40 99 89 72 143 129 104
12 10 - 56 50 - 100 90 - 144 130 -
13 11 9 57 51 41 101 91 73 145 131 105
14 12 10 58 52 42 102 92 74 146 132 106
15 13 1 59 53 43 103 93 75 147 133 107
16 14 12 60 54 44 104 94 76 148 134 108
17 15 - 61 55 - 105 95 - 149 135 -
18 16 13 62 56 45 106 96 77 150 136 109
19 17 14 63 57 46 107 97 78 151 137 110
20 18 15 64 58 47 108 98 79 152 138 111
21 19 16 65 59 48 109 99 80 153 139 112
22 20 - 66 60 - 110 100 - 154 140 -
23 21 17 67 61 49 111 101 81 155 141 113
24 22 18 68 62 50 112 102 82 156 142 114
25 23 19 69 63 51 113 103 83 157 143 115
26 25 20 70 65 52 114 105 84 158 145 116
27 26 - 71 66 - 115 106 - 159 146 -
28 27 21 72 67 53 16 107 85 160 147 117
29 28 22 73 68 54 17 108 86 161 148 118
30 29 23 74 69 55 118 109 87 162 149 119
31 30 24 75 70 56 119 110 88 163 150 120
32 31 - 76 71 - 120 111 - 164 151 -
33 32 25 77 72 57 121 112 89 165 152 121
34 33 26 78 73 58 122 113 90 166 153 122
35 34 27 79 74 59 123 114 91 167 154 123
36 35 28 80 75 60 124 115 92 168 155 124
37 36 - 81 76 - 125 116 - 169 156 -
38 37 29 82 77 61 126 17 93 170 157 125
39 38 30 83 78 62 127 118 94 171 158 126
40 39 31 84 79 63 128 119 95 172 159 127
41 40 32 85 80 64 129 120 96 173 160 128
42 OvDD3 - 86 OVDD3 - 130| OVDD3 - 174] OVDD3 -
43 OVDD5 - 87 OVDD5 - 131 OVDD5 - 175| OVDD5 -
44 OVSS - 88 OVSS - 132 OVSS - 176 OVSS -
Notes:

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise.
2.VSS, VDD, OVSS, OVDD3 and OVDDS5 indicate fixed power and ground pads on the die(Array) for probe test.
Rev. 1.0 11/22/93 JEB

H4CPlus Series Design Reference Guide MOTOROLA
45



PACKAGING

Table 4-4 H4CP028 160 (CU) QFP Pad to Pin Cross Reference

LEFT RIGHT
DIE[ VO /o
pap| CELL |PACKAGE CELL |PACKAGE
1 VSS - VSS - 133] VSS -
2 | VDD - 46| VDD - 50 | VDD - 34| VDD -
3 i i 47 Zy 3l o 81 81 135 12 121
7 2 2 8 42 ) 92 82 82 |186| 122 122
5 3 3 49 43 43 93 83 83 |137] 123 123
5 7 Z 50 4z P 94 84 84 |38 124 124
7 5 5 51 45 5 95 85 85 |139] 125 25
8 6 6 52 46 76 96 86 86 |140] 126 126
9 7 7 53 47 47 97 87 87 [i4 127 127
10 8 8 54 48 48 98 88 88 |142| 128 28
i 9 9 55 49 49 99 89 89 [143] 129 129
2 70 70 56 50 50 [100 90 90 [144] 130 130
3 ik ik 57 51 51 01 o1 o1 145 131 131
14 12 12 58 52 52 |102 92 92 |146] 132 132
15 13 13 59 53 53 |03 93 93 |147| 133 133
6 14 14 60 54 54 |04 94 94 [148| 134 134
17 15 15 61 55 55 |105 95 95 [149] 135 135
18 16 16 52 56 56 |106 96 96 [i50| 136 136
19 7 17 63 57 57 [i07 97 97 351 137 137
20 18 18 54 58 58 |708 98 98 |52 138 138
21 19 19 65 59 59 |09 99 99 |53 139 39
22 20 20 66 60 80 |110] 100 700 [154] 140 140
23 21 21 67 61 B 111 701 101 155 141 141
24 53 22 68 62 I L 702|156 142 142
25 23 23 69 63 83 |1i3| 103 703|157 143 143
26 25 24 70 65 84 |14 105 704|158 145 144
27 26 25 71 66 65 |1i5] 106 105|159 146 145
28 27 26 72 67 66 [1i6] 107 706 [160] 147 146
29 28 27 73 68 67 |117| 108 707 |61 148 147
30 29 28 74 69 68 [1i8] 109 108 |162] 149 148
31 30 29 75 70 89 |119] 110 709 [163] 150 749
32 31 30 76 71 70 |20 111 710 [164] 151 150
33 32 3 77 72 7 27 12 91 |65 152 751
34 33 32 78 73 72 |i22| 113 112|166 153 152
35 34 33 79 74 73 (23] 114 13 [i67] 154 53
36 35 34 80 75 Z A 114|168 155 154
37 36 35 B 76 75 |125] 116 715 169 156 155
38 37 36 82 77 76 |126] 117 116|170 157 156
39 38 37 83 78 77 |27 718 17 [i71 758 57
40 39 38 84 79 78 |128] 119 118 [172] 159 158
g3l 40 39 85 80 79 129 120 119 [173] 160 759
42 | OVDD3 B 86 | OVDD3 - 30| OVDD3 : 74| OVDD3 -
43 | OVDD5 - 87 | OVDD5 : 31| OVDD5 z 75|  OVDD5 -
74| OVSS 40 88 | OVSS 80 [132| OVSS 720 [176] OVSS 160

otes:
1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise.
2.VSS, VDD, OVSS, OVDD3 and OVDDS5 indicate fixed power and ground pads on the die(Array) for probe test.

Rev. 1.0 11/22/93 JEB

MOTOROLA HA4CPlus Series Design Reference Guide
4-6



PACKAGING

Table 4-5 H4CP028 169 OMPAC Pad to Pin Cross Reference

LEFT SIDE RIGHT SIDE
DIE PACKAGE DIE PACKAGE
Die [/[e] Bond | Solde Vo Bond | Solder
Pa Cell Finger| Ball |F Cell Finger| Ball ]
1 VSS 1 a 45 VSS 44 a 89 VSS 87 a 133| VSS 130 a
2 VDD 2 Al | 46 VDD 45 N1 90 VDD 88 N13 134 VDD 131 A13
3 1 3 E5 | 47 41 46 J5 91 81 89 J9 1135 121 132 E9
4 2 4 D3 | 48 42 47 L4 92 82 90 K11 J136 122 133 C10
5 3 5 B1 | 49 43 48 N2 93 83 91 M13 | 137 123 134 A12
6 4 6 C2 | 50 44 49 M3 94 84 92 L12 ]138 124 135 B11
7 5 7 F6 | 51 45 50 H6 95 85 93 H8 }139 125 136 F8
8 6 8 E4 | 52 46 51 K5 96 86 94 J10 | 140 126 137 D9
9 7 9 C1 |53 47 52 N3 97 87 95 L13 141 127 138 A1
10 8 10 D2 | 54 48 53 M4 98 88 96 K12 142 128 139 B10
11 9 11 E3 |55 49 54 L5 99 89 97 J11 143 129 140 C9
12 10 12 D1 | 56 50 55 N4 100 90 98 K13 | 144 130 141 A10
13 11 13 F5 ]57 51 56 J6 101 91 99 H9  ]145 131 142 E8
14 12 14 E2 | 58 52 57 M5 102 92 100 J12 146 132 143 B9
15 13 15 E1 } 59 53 58 N5 103 93 101 J13 147 133 144 A9
16 14 16 F3 ] 60 54 59 L6 J104 94 102 H11 ]148] 134 145 Cc8
17 15 17 F2 | 61 55 60 M6 ]105 95 103 H12 1149 135 146 B8
18 16 18 F4 | 62 56 61 K6 |106 96 104 H10 150 136 147 D8
19 17 19 F1 } 63 57 62 N6 107 97 105 H13 |} 151 137 148 A8
20 18 20 G5 | 64 58 63 J7 108 98 106 G9 152 138 149 E7
21 19 21 G2 ] 65 59 64 M7 1109 99 107 G12 ] 153 139 150 B7
22 20 22 G1 ]| 66 60 65 N7 110 100 108 G13 |154 140 151 A7
23 21 23 G3 ] 67 61 66 L7 j111 101 109 G11 ] 155 141 152 Cc7
24 22 24 G4 | 68 62 67 K7 112 102 110 G10 ]156] 142 153 D7
25 23 25 H1 | 69 63 68 N8 113 103 111 F13 157 143 154 A6
26 25 26 H2 | 70 65 69 M8 J114] 105 112 F12 |158 145 155 B6
27 26 27 H5 | 71 66 70 J8 115 106 113 F9 }159 146 156 E6
28 27 28 H3 | 72 67 71 L8 J116 107 114 F11 ]160 147 157 Cé6
29 28 29 J1 ] 73 68 72 N9 117 108 115 E13 ]161 148 158 A5
30 29 30 J2 |74 69 73 M9 118 109 116 E12 ]162 149 159 B5
31 30 31 H4 | 75 70 74 K8 (119 110 117 F10 ]163 150 160 D6
32 31 32 K1 | 76 71 75 N10 §120 111 118 D13 | 164 151 161 A4
33 32 33 J3 177 72 76 L9 121 112 119 E11 ] 165 152 162 C5
34 33 34 K2 |78 73 77 M10 |122 113 120 D12 | 166 153 163 B4
35 34 35 J4 179 74 78 K9 ]123 114 121 E10 |167 154 164 D5
36 35 36 L1 |80 75 79 N11 |124 115 122 C13 ]168 155 165 A3
37 36 37 K3 | 81 76 80 L10 125 116 123 D11 §169 156 166 C4
38 37 38 L2 |82 77 81 M11 | 126 117 124 C12 170 157 167 B3
39 38 39 M1 | 83 78 82 N12 }127| 118 125 B13 171 158 168 A2
40 39 40 K4 | 84 79 83 K10 |128 119 126 D10 172 159 169 D4
41 40 41 L3 |85 80 84 L11 J129 120 127 C11 173 160 170 C3
42| OvVDD3 - - 86| OVDD3 - - 130 OVDD3 - - 174f OVDD3 - -
43| OVDD5 42 M2 | 87| OVDD5 85 M12 J131] OVDD5 128 B12 175 OVDD5 171 B2
44| OvVss 43 a 88| OVSss 86 a 132 OVSS 129 a 176 OVSS 172 a
NOTES:

1. Die Pad/IO-Cell numbers start at top of LEFT side and increment counter-clockwise.

2. Pkg Pin and Bond Finger numbers start at top of LEFT side and increment counter-clockwise.

3. VSS, VDD, OVSS, OVDD3 and OVDDS indicate fixed power and ground pads on the die (Array) for probe test.
4. OVSS & OVDDS in () are power and ground for Final Test and are fixed on the Package.

5. The following is a cross reference of package dependent Power and Ground Pkg Pin numbers:

GND: a=F7, G6, G7, G8, H7

Rev. 1.0 3/07/94 JEB
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Table 4-6 H4CP028P1 Table 4-7 H4CP028P2
Analog PLL Option 1 Analog PLL Option 2

46 VDD 46 VDD 134 VDD
47 AVSS 47 AVSS 135 AVSS
48 AVDD 48 AVDD 136 AVDD
49 41 49 41 137 121
50 42 50 42 138 122
51 43 51 43 139 123
52 44 52 44 140 124
53 45 53 45 141 125
54 46 54 46 142 126
55 47 55 47 143 127
56 48 56 48 144 128
57 49 57 49 145 120
58 50 58 50 146 130
59 52 59 52 147 132
60 53 60 53 148 133
61 54 61 54 149 134
62 55 62 55 150 135
63 57 63 57 151 137
64 58 64 58 152 138
65 59 65 59 153 139
66 60 66 60 154 140
67 61 67 61 155 147
68 62 68 62 156 122
69 63 69 63 157 143
70 65 70 65 158 145
71 66 7i 66 159 146
72 67 72 67 160 147
73 68 73 68 161 148
74 69 74 69 162 149
75 70 75 70 163 150
76 71 76 71 164 151
77 72 77 72 165 152
78 73 78 73 166 153
79 74 79 74 167 154
80 75 80 75 168 155
81 76 81 76 169 156
82 77 82 77 170 157
83 78 83 78 171 158
84 79 84 79 172 159
85 80 85 80 173 160
86 OVDD3 86 OvVDD3 174 OVDD3
87 “OVDD5 87 OVDD5 175 OVDD5
88 OVSS 88 OVSS 176 OVSS

Note: This table replaces the BOTTOM side of each Note: This table replaces the BOTTOM and the TOP
pad to pin table for each array/package combination side of each pad to pin table for each array/package
when Analog PLL option 1 is used in the H4CP028 combination when Analog PLL option 2 is used in the
array. H4CPO028 array.

MOTOROLA H4CPlus Series Design Reference Guide
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Figure 4-2 H4CP048 Footprint

Note:

P1 = Analog PLL option 1 (H4CP048P1) bottom left corner only,
see Table 4-13 for /O to pad configuration.

P2 = Analog PLL option 2 (H4CP048P2) bottom left and top right corners,
see Table 4-14 for I/O to pad configuration.
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Table 4-8 H4CP048 128 (CU) QFP Pad to Pin Cross Reference

RIGHT
DIE DIE[ 1O
PAD pap| ceLL |PACKAGE

7 700 A 3 3

2 VDD - 56 - 110 VDD - 164 VDD -
3 1 1 57 33 11 105 65 165 157 97
4 2 2 58 34 112 106 66 166 158 98
5 3 3 59 35 113 107 67 167 159 99
6 4 4 60 36 114 108 68 168 160 100
7 5 5 61 37 115 109 69 169 161 101
8 6 6 62 38 116 110 70 170 162 102
9 7 - 63 - 117 11 - 171 163 -
10 8 7 64 39 118 112 71 172 164 103
1 9 8 65 40 119 113 72 173 165 104
12 10 - 66 - 120 114 - 174 166 -
13 11 9 67 41 121 115 73 175 167 105
14 12 10 68 42 122 116 74 176 168 106
15 13 11 69 43 123 117 75 177 169 107
16 14 - 70 - 124 118 - 178 170 -
17 OVSS(15) - 71 OVSS(67) - 125 | OVSS(119) - 179 | OVSS(171) -
18 16 12 72 68 44 126 120 76 180 172 108
19 17 13 73 69 45 127 121 77 181 173 109
20 18 - 74 70 - 128 122 - 182 174 -
21 19 - 75 71 - 129 123 - 183 175 -
22 20 - 76 72 - 130 124 - 184 176 | -
23 21 14 77 78 46 131 ‘125 78 ]185 77 110
24 22 15 78 T4 ) 47 1321 126 79 186 178 111
25 23 16 79 75 48 133 127 80 187 179 112
26 24 - 80 76 - 134 128 - 188 180 -
27 | OVDD5(25) - 81 | OVDD5(77) - 135 | OVDD5(129) - 189 | OVDD5(181) -
28 27 - 82 79 - 136 131 - 190 183 -
29 28 17 83 80 49 137 132 81 191 184 113
30 29 18 84 81 50 138 133 82 192 185 114
31 30 19 85 82 51 139 134 83 193 186 115
2 - % ) - N - Toa 188 -
33 33 - 87 85 - 141 137 - 195 189 -
34 34 - 88 86 - 142 138 - 196 190 -
35 35 20 89 87 52 143 139 84 197 191 116
36 37 21 90 89 53 144 141 85 198 193 117
37 38 - 91 90 - 145 142 - 199 194 -
38 [ OVSSE9) - 92 | OVss@E) - 126 | OVSS(i43) - 200 | OVSS(195) -
39 40 22 93 92 54 147 144 86 201 196 118
40 41 23 94 93 55 148 145 87 202 197 119
41 42 24 95 94 56 149 146 88 203 198 120
42 43 - 96 95 - 150 147 - 204 199 -
43 44 25 97 96 57 151 148 89 205 200 121
44 45 26 98 97 58 152 149 90 206 201 122
45 46 - 99 98 - 153 150 - 207 202 -
46 47 27 100 99 59 154 151 91 208 203 123
47 48 28 101 100 60 155 152 92 209 204 124
48 49 29 102 101 61 156 153 93 210 205 125
49 50 30 103 102 62 157 154 94 211 206 126
50 51 31 104 103 63 158 155 95 212 207 127
51 52 32 105 104 64 159 156 96 213 208 128
52 OovDD3 - 106 ovDD3 - 160 OVvDD3 - 214 OvVDD3 -
53 OvVDD5 - 107 OVDD5 - 161 OovDD5 - 215 OVvDD5 -
54 OVSS - 108 QVSS - 162 OVSS - 216 OVSS -
Notes:

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise.
2. VSS, VDD, OVSS, OVDD3 and OVDDS indicate fixed power and ground pads on the die(Array) for probe test.

Rev. 1.0 6/18/93 JEB
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Table 4-9 H4CP048 160 (CU) QFP Pad to Pin Cross Reference

PACKAGING

LEFT RIGHT
DIE Vo {/[e]
PAD| CELL PACKAGE CELL PACKAGE [

1 V&S VSS - :

2 VDD - 56 VDD - 110 VDD - 164 VDD -
3 1 1 57 53 41 111 105 81 165 157 121
4 2 2 58 54 42 112 106 82 166 158 122
5 3 3 59 55 43 113 107 83 167 159 123
6 4 4 60 56 44 114 108 84 168 160 124
7 5 5 61 57 45 115 109 85 169 161 125
8 6 6 62 58 46 116 110 86 170 162 126
9 7 7 63 59 47 117 111 87 171 163 127
10 8 8 64 60 48 118 112 88 172 164 128
11 9 9 65 61 49 119 113 89 173 165 129
12 10 - 66 62 - 120 114 - 174 166 -
13 1 10 67 63 50 121 115 90 175 167 130
14 12 1 68 64 51 122 116 91 176 168 131
15 13 12 69 65 52 123 117 92 177 169 132
16 14 13 70 66 53 124 118 93 178 170 133
17 | OVSS(15) - 71 | OVSS(67) - 125 | OVSS(119) - 179 | OVSS(171) -
18 16 14 72 68 54 126 120 94 180 172 134
19 17 15 73 69 55 127 121 95 181 173 135
20 18 - 74 70 - 128 122 - 182 174 -
21 19 16 75 71 56 129 123 96 183 175 136
22 20 17 76 72 57 130 124 97 184 176 137
23 21 - 77 73 - 131 125 - 185 177 -
24 22 18 78 74 58 132 126 98 186 178 138
25 23 19 79 75 59 133 127 99 187 179 139
26 24 20 80 76 60 134 128 100 188 180 140
27 | OVDD5(25) - 81 | OVDD5(77) - 135 | OVDD5(129) - 189 | OVDD5(181) -
28 27 21 82 79 61 136 131 101 190 183 141
29 28 22 83 80 62 137 132 102 191 184 142
30 29 - 84 81 - 138 133 - 192 185 -
31 30 23 85 82 63 139 134 103 193 186 143
32 32 24 86 84 64 140 136 104 194 188 144
33 33 - 87 85 - 141 137 - 195 189 -
34 34 25 88 86 65 142 138 105 196 190 145
35 35 26 89 87 66 143 139 106 197 191 146
36 37 27 90 89 67 144 141 107 198 193 147
37 38 28 91 90 68 145 142 108 199 194 148
38 [ OVSS(39) - 92 | OVSS(91) - 146 | OVSS(143) - 200 | OVSS(195) -
39 40 29 93 92 69 147 144 109 201 196 149
40 41 30 94 93 70 148 145 110 202 197 150
41 42 31 95 94 71 149 146 111 203 198 151
42 43 - 96 95 - 150 147 - 204 199 -
43 44 32 97 96 72 151 148 112 205 200 152
44 45 33 98 97 73 152 149 113 206 201 153
45 46 34 99 98 74 153 150 114 207 202 154
46 47 35 100 99 75 154 151 115 208 203 155
47 48 36 101 100 76 155 152 116 209 204 156
48 49 37 102 101 77 156 153 117 210 205 157
49 50 38 103 102 78 157 154 118 211 206 158
50 51 39 104 103 79 158 155 119 212 207 159
51 52 40 105 104 80 159 156 120 213 208 160
52 0OvVDD3 - 106 OVDD3 - 160 OVDD3 - 214 ovDD3 -
53 OVDD5 - 107 OVDD5 - 161 OVDD5 - 215 OVDD5 -
54 OVSS - 108 OVSS - 162 OVSS - 216 OVSSs -
Notes:

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise.
2.VSS, VDD, OVSS, OVDD3 and OVDDS5 indicate fixed power and ground pads on the die(Array) for probe test.

Rev 1.0 6/18/93 JEB
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PACKAGING

Table 4-10 H4CP048 169 OMPAC Pad to Pin Cross Reference
RIGHT SIDE
DIE PACKAGE

Vo Bond| Solde!
Cell Finger; Ball

LEFT SIDE
DIE PACKAGE

Die o Bond | Solde;
Pad| Cell [Finger| Ball

S 1 a | 55 VSS 3 a ]163] VSS 143 | a
2 | VoD . - [ss| VoD - - f110] vop . - Yiea] VDD - -
3 1 2 A |57 53 29 | N1 Ji11] 10 97 | N13 J165] 157 144 | A13
4 2 3 BT | 58] 54 50 | K& J112] 106 98 | Mi3 |166] 158 145 | D10
5 3 4 | c2 [ 59| 55 51 | N2 Ji13] 107 99 | L2 J1e7] 159 146 | A12
5 4 5 ci [eo]| 56 52 | M3 J11a] 108 100 | Li3 | 168] 160 147 | B11
7 5 5 D3 | 61 57 53 | N3 J115] 109 101 | Ki1 [ 169] 161 148 | A1l
8 | (OVDD5)6| 7 c |62 |OvDD5)5d 54 | d ] 116/ (OvDD5)110] 102 | e ] 170/(OVDD5)i6 149 | b
9 7 8 D2 | 63| 59 55 | L4 17| 111 103 | K12 §i71] 163 150 | C10
10 8 9 D1 | 64| 60 | 56 | M4 J118] 112 104 | K13 J172] 164 151 | B10
11 9 10 | E4 |65 6 57 | Na |119] 113 105 | J10 | 173] 165 152 | A10
2] 10 . -~ 66| 62 - - 20 114 . - Ti7a] 166 - -
B3] 11 11 | E3 | 67] 63 58 | Kb |i21] 115 106 | J11 §175] 167 153 | D9
4] 12 12 | E2 | e8] 64 59 | L5 |122] 116 107 | J12 |176] 168 154 | C9
5] 13 13 | E1 |69 65 60 | M5 |123] 117 108 | J13 1177|169 155 | B9

16 [(OVDD5)14 14 c 70 |(OVDD5)6q 61 d 124| (OVDD5)118{ 109 e 178|(OVDD5)170, 156 b
17 | OVSS(15)| 15 a 71 | OVSS(67)| 62 a 125| OVSS(119) | 110 a 179| OVSS(171)| 157 a

18 16 16 Fa | 72 68 63 | N5 [126 120 111 | H10 [180] 172 158 | A9
19 17 17 F3 | 73 69 64 | Ke |127 121 112 | H11 | 181 173 159 | D8
20 18 18 F2 | 74 70 65 16 |128 122 113 | H12 |182] 174 160 | C8
21 19 19 F1 | 75 71 66 | Me [129 123 114 | H13 | 183| 175 161 | B8
22 20 20 F5 | 76 72 67 | N6 [130 124 115 | H9 |184| 176 162 | A8
23 21 21 Ga | 77 73 68 J6 | 131 125 116 | G10 J185] 177 163 | E8
24 22 - - |78 74 69 | K7 |132 126 - - J188| 178 164 | D7
25 23 22 | G2 |79 75 70 | M7 [133 127 117 | Gi12 | 187 179 165 | B7
26 24 23 | G1 | 80 76 71 N7 [134 128 118 | G13 | 188] 180 166 | A7
27 |OVDD5(25) - - | 81 [ovDD5(77] - - I135]ovDD5(129)] - - [ 189]ovDDs(181) - -
28 27 24 | G3 |82 79 72 L7 |136 131 119 | Gi1 J190] 183 167 | c¢7
20 | (OVSs)28| 25 a | 83| (Ovss)so| 73 a_ |137] (ovss)132| 120 a | 191 (OvSs)isa| 168 a
30 29 26 | G5 |84 81 74 J7_|138 133 121 | a9 J192] 185 169 | E7
31 30 27 H5 | 85 82 75 J8_ J139 134 122 | F9 J193] 186 170 | E6
32 32 28 H1 | 86 84 76 | N8 140 136 123 | F13 J194] 188 171 | A6
33 33 29 H2 | 87 85 77 | M8 |1a1 137 124 | F12 J195] 189 172 | B6
34 34 30 H3 | 88 86 78 18 142 138 125 | F11 J196] 190 173 | C6
35 35 - - 89 87 - - |43 139 5 - 197 1o - -
36 37 31 H4e | 90 89 79 K8 [144 141 126 | Fi0 J198] 193 174 | D6
37 38 32 J [ o1 90 80 | N9 [145 142 127 | E13 |199] 194 175 | A5

38 | OVSS(39){ 33 a 92 | OVSs(91); 81 a 146] OVSS(143) | 128 a 200) OVSS(195)| 176 a

39 |(OVDD5)4q 34 d 93 [(OVDD5)92 82 e 147| (OVDD5)144} 129 b 201)(OVDD5)196 177 [
40 41 35 J2 94 93 83 M9 | 148 145 130 E12 § 202 197 178 B5
Ll 42 36 J3 95 94 84 L9 §149 146 131 E11 §203 198 179 C5
42 43 37 J4 96 95 85 K9 |150 147 132 E10 ] 204 199 180 D5
43 44 38 K1 97 96 86 N10 { 151 148 133 D13 §205 200 181 A4
) 44 45 39 K2 98 97 87 M10 § 152 149 134 D12 § 206 201 182 B4
45 46 40 K3 99 98 88 L10 | 153 150 135 D11 §207 202 183 C4
46 |(OVDD5)47] 41 d 100|(OVDD5)99 89 e 154| (OVDD5)151| 136 b 208|(OVDD5)203 184 c
47 48 42 L1 101 100 90 N11 § 155 152 137 C13 |} 209 204 185 A3
48 49 43 L2 §102 101 91 M11 J 156 153 138 C12 |210 205 186 B3
49 50 44 L3 j103 102 92 L11 § 157 154 139 C11 |} 211 206 187 C3
50 51 45 M1} 104 103 93 N12 | 158 155 140 B13 | 212 207 188 A2
51 52 46 M2 |} 105 104 94 M12 § 159 156 141 B12 §213 208 189 B2
R o N
MOTOROLA H4CPlus Series Design Reference Guide
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PACKAGING

Table 4-10 H4CP048 169 OMPAC Pad to Pin Cross Reference
RIGHT SIDE
DIE PACKAGE

Die Vo Bond | Solde
Pad| Cell Fingen Ball

LEFT SIDE
DIE PACKAGE

Die o Bond | Solde:
Pad| Cell |Finger| Ball

52 | OvVDD3 - - J106] ovDD3 - . 1160] OVDD3 - - J214] ovobp3 - - !
53 | OvDD5 - - J107] ovpbps - - J1s1] ovpps - - J215] ovobps - - }
54 | OVSS 47 a |108] OvVSs 95 a |162] oOvss 142 a |216] oOvss 190 a .
NOTES: ‘

1. Die Pad/IO-Cell numbers start at top of LEFT side and increment counter-clockwise. ‘
2. Pkg Pin and Bond Finger numbers start at top of LEFT side and increment counter-clockwise. ‘
3. VSS, VDD, OVSS, OVDD3 and OVDDS indicate fixed power and ground pads on the die(Array) for probe test.

4. OVSS & OVDDS5 in () are power and ground for Final Test and are Package dependent

5. The following is a cross reference of package dependent Power and Ground Pin numbers: !
GND: a = H6, H7, H8, G6, G7, G8, F6, F7, F8 i
PWR: b =E9, ¢ = E5, D4, d =J5, e = J9, K10

6. Only OVDDS5 is connected to package PWR pins.

7. VDD must be supplied separately through I/O package pins for all applications.

8. OVDD3 must be supplied separately through I/O package pins for mixed voltage (5V / 3.3V applications).

Rev. 1.0 6/18/93 JEB
Rev. 1.1 5/11/94 JEB added note 6.
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PACKAGING

Table 4-11 H4CP048 208 QFP Pad to Pin Cross Reference

LEFT RIGHT
DIE /o /[e]
PAD CELL PACKAGE CELL PACKAGE

1 V5s i 0 3

2 VDD 2 56 VDD 54 110 VDD 106 164 VDD 158
3 1 3 57 53 55 111 105 107 165 157 159
4 2 4 58 54 56 112 106 108 166 158 160
5 3 5 59 55 57 113 107 109 167 159 161
6 4 6 60 56 58 114 108 110 168 160 162
7 5 7 61 57 59 115 109 111 169 161 163
8 6 8 62 58 60 116 110 112 170 162 164
9 7 9 63 59 61 117 111 113 171 163 165
10 8 10 64 60 62 118 112 114 172 164 166
11 9 11 65 61 63 119 113 115 173 165 167
12 10 - 66 62 - 120 114 - 174 166 -
13 " 12 67 63 64 121 115 116 175 167 168
14 12 13 68 64 65 122 116 117 176 168 169
15 13 14 69 65 66 123 117 118 177 169 170
16 14 15 70 66 67 124 118 119 178 170 171
17 | OVS5(15) 16 71 | OV55(67) 58 125 | OVSS(119) 120 179 | OVSS(171) 72
18 16 17 72 68 69 126 120 121 180 172 173
19 17 18 73 69 70 127 121 122 181 173 174
20 18 19 Z3 70 71 128 122 123 182 174 175
21 19 20 75 71 72 129 123 124 183 175 176
22 20 21 76 72 73 130 124 125 184 176 177
23 21 22 77 73 74 131 125 126 185 177 178
24 22 23 78 74 75 132 126 127 186 178 179
25 23 24 79 75 76 133 127 128 187 179 180
26 24 25 80 76 77 134 128 129 188 180 181
37 | OVDD5(25) 26 81 | OVDD5(77) 78 135 | OVDD5(129) 130 789 | OVDD5(187) 182
78 27 77 82 79 79 136 31 31 190 183 183
29 28 28 83 30 80 137 132 132 91 184 184
30 29 29 84 81 81 138 133 133 192 185 185
31 30 30 85 82 82 139 134 134 193 186 186
32 32 31 86 84 83 140 136 135 194 188 187
33 33 32 87 85 84 141 137 136 195 189 188
34 34 33 88 86 85 142 138 137 196 190 189
35 35 34 89 87 86 143 39 138 197 191 190
36 37 35 90 89 87 144 141 139 198 193 91
37 38 36 91 90 88 145 142 140 199 194 192
38 | OVSS(39) 37 92 OV?S(91 ) 89 146 | OVSS(143) 141 200 OV§§(1 95) 193
39 40 38 93 92 90 147 144 142 201 196 194
40 41 39 94 93 91 148 145 143 202 197 195
41 42 40 95 94 92 149 146 144 203 198 196
42 43 - 96 95 - 150 147 - 204 199 -
43 4 77 97 9% 93 51 148 145 205 200 197
44 45 42 98 97 94 152 149 146 206 201 198
45 46 43 99 98 95 153 150 147 207 202 199
46 47 44 100 99 96 154 151 148 208 203 200
47 48 45 101 100 97 155 152 149 209 204 201
48 49 46 102 101 98 156 153 150 210 205 202
49 50 47 103 102 99 157 154 151 21 206 203
50 51 48 104 103 100 158 155 152 212 207 204
51 52 49 105 104 101 159 156 153 213 208 205
52 OVDD3 50 106 OVDD3 102 160 OVDD3 154 214 OVvDD3 206
53 OVDD5 51 107 OVDD5 103 161 OVDD5 155 215 OVDD5 207
i'4 OVSS 52 108 QVSS 104 162 OVSS 156 216 QOVSS 208

otes:

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise.
2. VSS, VDD, OVSS, OVDD3 and OVDDS indicate fixed power and ground pads on the die(Array) for probe test.

Rev 1.0 6/18/93 JEB
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Table 4-12 H4CP048 225 OMPAC Pad to Pin Cross Reference

PACKAGING g
i
i

LEFT SIDE RIGHT SIDE
DIE PACKAGE DIE PACKAGE
Die] vo Bondrl Solder Vo Bond;l Solder
Pad Cell |Fingerl Ball Cell Fingen Ball
1 VSS 1 a 55 VSS 55 a 109 VSS 109 a 163 VSS 163 a
2 VDD 2 4 56 VDD 56 e 110 VDD 110 d 164 VDD 164 b
3 1 3 Al 57 53 57 R1 111 105 111 R15 ] 165 157 165 A15
4 2 4 B1 58 54 58 R2 112 106 112 P15 166 158 166 Al14
5 3 5 C3 59 55 59 N3 113 107 113 N13 ] 167 159 167 C13
6 4 6 c2 60 56 60 P3 114 108 114 N14 ] 168 160 168 B13
7 5 7 C1 61 57 61 R3 115 109 115 N15 J 169 161 169 A13
8 6 8 D3 62 58 62 N4 116 110 116 M13 170 162 170 C12
9 7 9 D2 63 59 63 P4 117 111 117 M14 | 171 163 171 B12
10 8 10 D1 64 60 64 R4 118 112 118 M15 172 164 172 Al12
11 9 11 E4 65 61 65 M5 119 113 119 L12 173 165 173 D11
12 10 12 E3 66 62 66 N5 120 114 120 L13 174 166 174 C11
13 11 13 E2 67 63 67 P5 121 115 121 L14 175 167 175 B11
14 12 14 E1 68 64 68 R5 122 116 122 L15 176 168 176 Al11
15 13 15 F4 | 69] 65 69 | M6 |123| 117 123 | Ki2 |177] 169 177 | D10
16 14 16 F3 70 66 70 N6 124 118 124 K13 }]178 170 178 C10
17 | OVSS(15) 17 a 71| OVSS(67) 71 a 125 OVSS(119)| 125 a 179] OVSS§(171)| 179 a
18 16 18 F2 72 68 72 P6 126 120 126 K14 180 172 180 B10
19 17 19 F1 73 69 73 R6 127 121 127 K15 181 173 181 A10
20 18 20 F5 74 70 74 L6 128 122 128 K11 182 174 182 E10
21 19 21 G4 75 71 75 M7 129 123 129 Ji2 183 175 183 D9
22 20 22 G2 76 72 76 P7 130 124 130 J14 184 176 184 B9
23 21 23 G1 77 73 77 R7 131 125 131 J15 185 177 185 A9
24 22 24 G3 78 74 78 N7 132 126 132 J13 186 178 186 Cc9
25 23 25 H4 79 75 79 M8 133 127 133 H12 |} 187 179 187 D8
26| 24 26 | H3 | 80| 76 80 N8 [134] 128 134 | H13 |188| 180 188 | C8
27 |OVDD5(25)] 27 [ 81 |OVDD5(77, 81 e 135|0VDD5(129) 135 d 189|0VDD5(181 189 b
28 27 28 H1 82 79 82 R8 136 131 136 H15 190 183 190 A8
29 28 29 H2 83 80 83 P8 137 132 137 H14 § 191 184 191 B8
30 29 30 H5 84 81 84 L8 138 133 138 H11 192 185 192 E8
31 30 31 J3 85 82 85 N9 139 134 139 G13 ] 193 186 193 C7
32 32 32 J1 86 84 86 R9 140 136 140 G15 194 188 194 A7
33 33 33 J2 87 85 87 P9 141 137 141 G14 §195 189 195 B7
34 34 34 Ja 88 86 88 M9 142 138 142 G12 196 190 196 D7
35 35 35 K5 89 87 89 L10 143 139 143 F11 197 191 197 E6
36 37 36 K1 90 89 90 R10 } 144 141 144 F15 198 193 198 A6
37 38 37 K2 91 90 91 P10 145 142 145 F14 199 194 199 B6
38| ovss(39)| 38 a | 92]ovss@n]| 92 a |146] ovss(143)| 146 a J200] ovss(195)] 200 a
39 40 39 K3 93 92 93 N10 |} 147 144 147 F13 ] 201 196 201 Cé6
40 41 40 K4 94 93 94 M10 | 148 145 148 F12 202 197 202 D6
41 42 41 L1 95 94 95 R11 149 146 149 E15 203 198 203 A5
42 43 42 L2 96 95 96 P11 150 147 150 E14 ] 204 199 204 B5
43 44 43 L3 97 96 97 N11 151 148 151 E13 ] 205 200 205 C5
44 45 44 L4 98 97 98 M11 152 149 152 E12 206 201 206 D5
45 46 45 M1 99 98 99 R12 | 153 150 153 D15 }207 202 207 A4
46 47 46 M2 100 99 100 P12 | 154 151 154 D14 {208 203 208 B4
47 48 47 M3 101 100 101 N12 } 155 152 155 D13 §209 204 209 C4
48 49 48 N1 102 101 102 R13 156 153 156 C15 210 205 210 A3
49 50 49 N2 103 102 103 P13 157 154 157 C14 f211 206 211 B3
50 51 50 M4 104 103 104 M12 } 158 155 158 D12 §212 207 212 D4
51 52 51 P1 105 104 105 R14 | 159 156 159 B15 }213 208 213 A2

H4CPlus Series Design Reference Guide
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PACKAGING

Table 4-12 H4CP048 225 OMPAC Pad to Pin Cross Reference

LEFT SIDE RIGHT SIDE

DIE PACKAGE DIE PACKAGE

Diel VO | Bond]|Solder Vo Bondrl Solde
Pad Cell |Finger| Ball Cell |Finger Ball

52| OVDD3 52 P2 }106f OVDD3 106 P14 ]160] OVDD3 160 B14 214} OVDD3 214 B2

53| OVDD5 53 e 107 OVDD5 107 d 161] OVDDS5 161 b 215| OVDD5 215 c

54| OVSS 54 a 108/ OVSS 108 a 162| OVSS 162 a 216/ OvVss 216 a
Notes:

1. Die Pad/lO-Cell numbers start at top of LEFT side and increment counter-clockwise.

2. Pkg Pin and Bond Finger numbers start at top of left side and increment counter-clockwise.

3.VSS, VDD, OVSS, OvDD3 and OVDDS5 indicate fixed power and ground pads on the die(Array) for probe test.

4. OVSS & OVDDS in () are power and ground for Final Test and are Package dependent.

5. The following is a cross reference of package dependent Power and Ground Pkg Pin numbers:

GND: a =K7, K8, K9, J6, J7, J8, J9, J10, H6, H7, H8, H9, H10, G6, G7, G8, G9, G10, F7, F8, F9

PWR: b =G11, F10, E9, E11, ¢ = G5, F6, E5, E7,d = L5, L7, K6, J5, e = L9, L11, K10, J11

6. Both OVDD5 and VDD are connected together through the package PWR pins.

7. The 225 OMPAC package is limited to the following three combinations of mixed (Core/System) power combinations:
5V/5V,5V/3V&5V,and3V/3V.

Rev. 1.0 6/18/93 JEB
Rev. 1.1 5/11/94 added note 6.
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PACKAGING

Table 4-13 H4CP048P1 Table 4-14 H4CP048P2
Analog PLL Option 1 Analog PLL Option 2
0
56 VDD 56 VDD 164 VDD
57 AVSS 57 AVSS 165 AVSS i
58 AVDD | 58 AVDD 166 AVDD ;

59 53 59 53 167 157 ‘

60 54 760 54 168 158 .

61 55 61 55 169 159

62 56 62 56 170 160

63 57 63 57 171 161

64 58 64 58 172 162

65 59 65 59 173 763

66 60 66 60 174 164 ‘

67 61 67 61 175 165

68 62 68 62 176 166

69 64 69 64 177 168

70 65 70 65 178 169

71 OVS5(66) 71 | _OVSS(66) | 179| OVSS(170)

72 67 72 67 180 171

73 68 73 68 81 172

74 70 74 70 182 174

75 71 75 71 183 175

76 72 76 72 184 176

77 73 77 73 185 177

78 74 78 74 186 178

79 75 79 75 187 179

80 76 80 76 188 180

81 OVDD5(77) 81 | OVDD5(77) | 189 | OVDD5(181)

82 79 82 79 190 183

83 80 83 80 191 184

84 81 84 81 192 185

85 82 85 82 193 186

86 84 86 84 194 188

87 85 87 85 195 189

88 86 88 86 196 190

89 87 89 87 197 191

90 89 90 89 198 193

91 90 o1 90 199 194

92 OVSS[E1) 92 | _OVSS(91) | 200| OVSS(195)

93 92 93 92 201 196

94 93 94 93 202 197

95 92 95 94 203 198

96 95 96 95 204 199

97 96 97 96 205 200

98 97 98 97 206 201

99 98 99 98 207 202

100 99 100 99 208 203

101 100 101 100 209 204

102 101 02 101 210 205

103 102 103 102 21 206

104 103 104 103 212 207

105 104 105 104 213 208

106 OvVDD3 106 | OVDD3 | 214 OVDD3

107 OVDD5 07| OVDD5 | 215 OVDD5

108 OVSS 108 OVsS 216 OVSS
Note: This table replaces the BOTTOM side of Note: This table replaces the BOTTOM and the
e_ach'pad to pin table for each array/package com- TOP side of each pad to pin table for each array/
bination when Analog PLL option 1 is used in the package combination when Analog PLL option 2 is
H4CP048 array. used in the H4CP048 array.

H4CPlus Series Design Reference Guide MOTOROLA
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PACKAGING

OvDD3 ovss
OVSsS OvDD5 VDD
OvVDD5 ovDD5 ovss— OVDDS VSS
Ve \ 250 © 240 230 20 210 200 |/ oVSS
KRR B R AR A AR A R A B ALA B m RN R AL AR A m R a ) OVDD5
.'/D \ SNV 2272 T NNT 7277 { (e P crr ey
VDD [I
T T T 1
250 230 220 210 200
1 240 = ovss
= d
ovss of b= 180
=\ 10 H4CPO75 =:
[ . . -]
| OVDDs~ 2 Die Size 337 X 337 =8
204 0™ OVDD5
4 =N 20 ]
= - 170
= VSS (4) VDD (4) 17 =]
= OVSS (20) =)
, VEE_ OVDD3 (4) =4
4 OVDDS5 (12 't
ovss’ £ 30 (12) . 5 ovss
(=% \%\1 60
ovs E7 4.8 Mil Linear Pad Pitch (256 Total, 64/Side) 5 ovss
[= 40 4.0 Mil Linear I/O Pitch (256 Total, 64/Side) j:l
40 1504 =
O N
E NS-150
= EEEE Unconnected I/O Site \E',\
ovops & " 50 \E ovops
50%: Rev. 2.0 : 1407
3/25/94
‘ 140
ovss” o ovss
= 8[0 0 100 1 ;IO 1 ‘20 1301
602
ovDD3—3 f SSIDD
0‘5325/13 AR A D wailia @vss
VSS 90/ 100 _/'i 0 120 ovss
OVDD5 OVSS OVDD5 OvVDD5 OvVDD5
VDD ovss ovss ovDD3
Figure 4-3 H4CPO075 Footprint
Note:
P1 = Analog PLL option 1 (H4CP075P1) bottom left corner only,
see Table 4-20 for I/O to pad configuration.
P2 = Analog PLL option 2 (H4CP075P2) bottom left and top right corners,
see Table 4-21 for |/O to pad configuration.
MOTOROLA H4CPlus Series Design Reference Guide
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Table 4-15 H4CP075 128 (CU) QFP Pad to Pin Cross Reference

PACKAGING

LEFT
DIE] VO

pap| ceLL |PACKAGE

1 VSS -

2 | VDD -

3 i i

7 2 2

5 3 3

5 7 4

7 5 5

B 5 5

9 7 7 73 39 137] 135 71 201 199 103
10 8 - 74 - 138] 136 - 202 200 -
1 | OVSS() - 75 - 139 OVSS(137) - 203 [OVDD5(207) -
12 0 - 76 - 740|138 - 204|202 -
13 i - 77 - 41 139 - 205] 203 -
14 2 8 78 20 [142] 140 72 [206] 204 04
15 13 9 79 A 143 141 73 |207] 205 105
16 13 10 80 2> [i44] 142 74 [208] 206 106
17 15 - B - 145] 143 - 209] 207 5
18 16 - 82 - 146] 144 - 210] 208 -
19 [OVDD5(17) - 83 - 147 [OVDD5(145) - 211 | OVS5(209) -
20 18 i 84 23 [148] 146 75 |212] 210 707
21 19 12 85 24 [149] 147 76 |213]  21i 108
22 20 - 86 - 150] 148 - 214] 212 5
23 21 - 87 - 151 149 - 215] 213 E
24 22 - 88 - 152|150 - 216] 215 -
25 23 13 89 75 |53 151 77 217|216 709
26 27 14 90 76 [154] 152 78 (218|217 110
27 5 15 o1 77 |155] 153 79 [219] 218 11
28 26 - 92 - 156] 154 - 220|220 -
29 28 - 93 - 157] 156 B 221 221 -
30 | OVS5(29) - 94 [OVDD5(94) - 158 | OVSS(157) - 222 [OVDD5(2229) -
3 31 - 95 95 - 159] 159 - 223 223 -
32 32 16 96 96 78 [160] 160 80 [224| 224 112
33 33 17 97 97 729 [161 161 B 225|225 E
37 34 - 98 98 - 162|162 - 226|226 -
35 | OVSS(35) - 99 [OVSS(100) - 163 | OVSS(163) g 227 | OVSS(228) -
36 36 - 100] 101 - 164|164 - 228 229 -
37 37 - 101 103 - 165 165 - 229 231 -
38 39 18 [102] 104 50 166] 167 82 |230] 232 114
39 20 19 (103|105 57 167] 168 83 231 233 115
20 Z5] 20 [104] 106 52 168] 169 84 |232] 234 16
5] 12 - 105] 107 - 169] 170 - 233|235 -
42 vy - 106] 108 B 170] 172 - 234 236 -
43 75 - 107] 109 B 71 173 - 235] 237 ‘
72 5 o1 108 110 53 172|174 85 [236] 238 117
75 a7 22 |09 1M 54 73] 175 86 [237] 239 118
76 [OVDD5(49) - 110 [OVDD5(112) E 174 [OVDD5(177) - 238 |OVDD5(240) -
77 50 - 11 113 5 175] 178 - 239] 241 -
18 51 - 2] 115 - 176|179 - 240 243 -
T 52 23 |713] 116 55 [177] 180 87 |24 244 119
50 53 24 |14 117 56 [i78] 181 88 [242| 245 20
51 54 25 |115] 118 57 179] 182 89 [243] 246 121
52 55 - 6] 119 - 180 183 - 244 247 -
53 56 - 7] 120 - 181 184 - 245|248 -
54 | OVSS(57) - 118 [OVSS(121) - 182 | OVSS(185) - 246 | OVSS(249) -
55 58 26 |19 122 58 183 186 90 [247] 250 122
56 59 27 |120] 123 59 184 187 91 248| 251 123

H4CPlus Series Design Reference Guide
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PACKAGING

Table 4-15 H4CP075 128 (CU) QFP Pad to Pin Cross Reference

LEFT

DIE] o ~

pap| ceLL |PACKAGE

57 B0 5 : ) ’ 118 Z
58T 61 20 {722 125 61 |16 189 %3 |250] 253 125
5T 62 30 123126 & (187190 94251 254 126
50 63 3|12 27 & |18 Tod 95 [252] 255 127
51 64 3|55 128 64 |18 192 965|253 256 128
5 | OVDD3 — 26 OvDD3 —790[ OVDD3 {254 ovDD3 -
53 | OVDD5 —727] OVDD5 —{7e7[ OvDD5 —|255] " OVDD5 -
64 1 OVSS — 28 ovss |~ [i92| OvSS —{256] OVSS -
Notes:

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise.
2. VSS, VDD, OVSS, OVDD3 and OVDDS indicate fixed power and ground pads on the die(Array) for probe test.
Rev 1.0 11/29/93 JEB ’
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Table 4-16 HACP075 160 (CU) QFP Pad to Pin Cross Reference

PACKAGING

LEFT RIGHT

DIE Vo Vo

pap| ceLL |PACKAGE CELL

7 VSS - VSS - 193] VSS -
2 VDD s VDD s 194] VDD s
3 i 7 129 81 195 193 121
3 2 2 130 B2 196 194 122
5 3 3 131 83 197 195 123
3 3 4 32 ~ 84 198 196 124
7 5 5 33 85 199 197 125
8 6 6 134 86 200 198 126
9 7 - 135 P 201 199 8
10 8 5 136 - 202 200 s
11 | OVSS(9) s OVSS(137) - 203 |OVDD5(201) s
12 10 7 138 87 204 202 127
13 11 8 139 86 205 203 128
14 12 9 140 89 206 204 129
15 13 B 141 5 207 205 B
16 14 10 142 90 208 206 130
17 15 ik 143 o1 209 207 131
18 16 s 144 - 210 208 s
19 |OVDD5(17) 5 83 | OVSS(81) s 147 |OVDD5(145) s 211 | OVS5(209) 5
20 18 12 84 82 52 148 146 92 212 210 132
21 19 13 85 83 53 149 147 93 213 211 133
22 20 14 86 84 54 150 148 94 214 212 134
23 21 - 87 85 s 151 149 - 215 213 -
24 22 15 88 87 55 152 150 95 216 215 135
25 23 16 89 88 56 153 151 96 217 216 136
26 24 B 90 89 - 154 152 B 218 217 B
27 25 17 o1 90 57 155 153 97 219 218 137
28 26 18 92 92 58 156 154 98 220 220 138
29 28 19 93 93 59 157 156 99 221 221 139
30 | OVSS(29) - 94 | OVDD5(94) s 158 | OVSS(157) - 222 |OVDD5(222) s
31 3 N 95 95 N 159 159 - 223 223 -
32 32 20 96 96 60 160 160 100|224 204 140
33 33 21 97 97 61 161 161 101 225 205 141
34 34 - 98 98 B 162 162 - 226 226 s
35 | OVS3(35) B 99 | OVSS(100) B 163 | OVSS(163) s 207 OVSS(228) 8
36 36 22 100 101 62 164 164 102|228 229 142
37 37 23 101 103 63 165 165 103|229 231 143
38 39 24 102 104 64 166 167 104|230 232 144
39 40 5 103 105 3 167 168 s 231 233 s
40 41 25 104 106 65 168 169 105 232 234 145
5] 42 26 105 107 66 169 170 106|233 235 146
42 44 - 106 108 5 170 172 s 234 236 5
43 45 27 107 109 67 171 173 107|235 237 147
v 46 28 108 110 68 172 174 108|236 238 148
45 47 29 109 LiK 69 173 175 109 237 239 149
46 |OVDD5(49) B 110 [OVDD5(112) 5 174 [OVDD5(177) s 238 |OVDD5(240) s
47 50 30 LEE] 113 70 175 178 110 239 241 150
48 51 31 112 115 71 176 179 1 240 243 151
29 52 32 113 116 72 177 180 112 241 244 152
50 53 B 114 7 B 178 181 s 242 245 B
51 54 33 115 118 73 179 182 113|243 246 153
52 55 34 116 119 74 180 183 114 244 247 154
53 56 35 117 120 75 181 184 15 245 248 155
54 | OVSS(57) - 118 | OVSS(121) - 182 | OVSS(185) - 246 | OVSS(249) s
55 58 5 119 122 - 183 186 - 247 250 -
56 59 - 120 123 s 184 187 - 248 251 s

H4CPlus Series Design Reference Guide

MOTOROLA
421




PACKAGING

Table 4-16 H4CP075 160 (CU) QFP Pad to Pin Cross Reference

LEFT

DIE[ O

pap| ceLL |PACKAGE

AR 36 788 6 |249] 252 156
S G 37 189 717250 253 157
5 62 38 190 8 |251] 254 158
50 6 39 191 719|252 255 159
5T 64 %0 192 120|253 256 160
&2 [ OVDD3 — |26 OvDD3 — 790 OVDD3 —{254] OVDD3 -
53 T OVDD5 — 727 ovDD5 —{7s1] OVDD5 — 255 OVDD5 -
54 | OVSS — 28] ovss — 792 OvsS — 256 OVSS -
Notes:

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise.
2. VSS, VDD, OVSS, OVDD3 and OVDDS indicate fixed power and ground pads on the die(Array) for probe test.

Rev 1.0 6/18/93 JEB
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PACKAGING

Table 4-17 H4CP075 169 OMPAC Pad to Pin Cross Reference
LEFT SIDE ﬁ 10 RIGHT SIDE
DIE PACKAGE DIE PACKAGE

Die Vo Bond | Solde Vo Bond | Solder
Pad Cell Finger| Ball Cell Finger| Ball

1 VSS 1 a | 65| VsSS 48 a |129] VSS 96 a [193] VSS 143 | a
2| VDD - - |ee| vDD - - f130] voD - - [194] vDD - -
3 1 2 | A1 |67 65 49 | N2 [ 131 129 97 | N13 J195 193 144 | At2
4 2 3 | B1 |68 66 50 K3 [132 130 98 | M13 |196 194 145 | D11
5 3 4 | B2 | 69 67 51 3 [133 131 99 | miz 197 195 146 | C11
6 4 5 | c2 | 70 68 52 | M3 | 134 132 100 | L12 198 196 147 | B1
7 5 6 | c1 |71 69 53 | N3 |135 133 101 | L13 J199] 197 148 | A1
8 | (OVDD5)8| 7 b | 72| (OVDD5)70| 54 c | 136[(ovDD5)134] 102 | d |200](OvDD5)198] 149 | e
9 7 8 | E4 |73 71 55 L4 137 135 103 | J10 J201 199 150 | C10
10 8 9 | D3 |74 72 56 L5 |138 136 104 | K11 |202] 200 151 | C9
11| ovss(9) | - - | 75| ovbD5(73)| - -~ | 139] ovss(137)| - - | 203[ovDbD5(201)| - -
12 10 10 | D2 |76 74 57 | M4 | 140 138 105 | K12 |204] 202 152 | B10
13 1 - |77 75 - - a1 139 - - f205] 203 - -
14 12 11 | b1 |78 76 58 | N4 | 142 140 106 | K13 §206] 204 153 | A10
15 13 12 | E3 |79 77 59 | K5 [143 141 107 | J11 J207] 205 154 | D9
16 14 - - |80 78 - - 144 142 - - |208] 206 - -
17 15 13 | E2 | 81 79 60 | M5 |145] 143 108 | J12 |209] 207 155 | B9
18 16 14 | E1 |82 80 61 N5 | 146] 144 109 | J13 |210] 208 156 | A9

19 |OVDD5(17;

- 83| ovssey) | - - |1a7[ovDpps(145)| - - [211] ovss@o9) [ - -

20 |(OvDD5)1d 15 | b | 84| (OVDD5)82| 62 ¢ | 148[(OvDD5)146] 110 | d [212|(OvDD5)210] 157 | e
21| (OvsSS)19| 16 | a | 85| (OVSS)83 | 63 a | 149] (OvSS)147| 111 a |213] (OvSS)211]| 158 | a
22 20 17 | F3 | 86 84 64 | L6 |150] 148 112 | H11 |214] 212 159 | C8
23 21 18 | F4 |87 85 65 | K6 151 149 113 | H10 J215] 213 160 | D8
24 22 - |88 87 B - [152] 150 s - |216] 215 - -
25 23 19 | F2 |89 88 66 | M6 [153] 151 114 | H12 [217] 216 161 | B8
26 24 20 | F1 ] 90 89 67 | No |154] 152 115 | H13 |218] 217 162 | A8
27 25 B B KX 90 B - |55] 153 . - - [219] 218 - -
28 26 21 | 5 |92 92 68 J6 |156] 154 116 | H9 [220] 220 163 | EB8
29 28 22 | G4 |93 93 69 | K7 [157] 156 117 | G10 [221 221 164 | D7
30 | ovss(9)| - - 94| ovDD598)| - - [158] ovss(157)| - - [222]ovDD5(222)] - -
31 31 23 | G3 | 95 95 70 L7 |159] 159 118 | G11 [223] 223 165 | C7
32 32 24 | Gi1 | 9% 96 71 N7 | 160 160 119 | G13 |224] 224 166 | A7
33 33 5 - |7 97 72 | M7 |61 161 - - [225] 225 167 | B7
34 34 25 | G2 | 98 98 73 | J7 |162 162 120 | G12 |226] 226 168 | E7
35| OVSS(35)[ 26 | a | 99| ovss(i00)| 74 a | 163 OVSS(163)| 121 a [|227] Ovss(228)| 169 | a
36 36 27 | G5 [100] 101 75 | J8 |164] 164 122 | Go |228] 229 170 | E6
37 37 - - To1 103 - - I185] 165 B - J229] 231 - -
38 39 28 | H1 [102] 104 76 | N8 | 166 167 123 | F13 |230] 232 171 | A6
39 40 29 | H5 J103] 105 77 | K8 |167] 168 124 | F9 |23 233 172 | D6
40 Py - - [1oa] 106 - - [168 169 B - [232] 23 - s
a1 42 30 | Ha [105] 107 78 | M8 |169] 170 125 | F10 |233] 235 173 | B6
a2 44 31 | Hz [106] 108 79 8 [170] 172 126 | F12 |234] 236 174 | Cé
43 45 - - o7 109 - N K2 173 - - 235 237 - -
44 46 32 | J1 |108] 110 80 | N9 J172] 174 127 | E13 J236] 238 175 | A5

f4

45 | (OvSsS)47| 33 a_ |109] (OvVss)111| 81 a 173| (OVSS)175| 128 a 237| (OVSS)239| 176
46 |OVDD5(49) 34 c ] 110/OVDD5(112) 82 d 174|OVDD5(177)] 129 e 238| OVDD5(240)| 177 b

47 50 35 H3 J111 113 83 M9 175 178 130 F11 §239 241 178 B5
48 51 - - 112 115 - - 178 179 - - 240 243 - -

49 52 36 J2 J113 116 84 K9 1177 180 131 E12 J241 244 179 D5
50 53 37 K1 1114 117 85 N10 178 181 132 D13 242 245 180 A4
51 54 38 J3 J115 118 86 M10 | 179 182 133 E11 1243 246 181 B4
52 55 - - 116 119 - - 180 183 - - 244 247 - -

.
H4CPlus Series Design Reference Guide MOTOROLA

4-23



PACKAGING

Table 4-17 H4CP075 169 OMPAC Pad to Pin Cross Reference

LEFT SIDE RIGHT SIDE
DIE PACKAGE DIE PACKAGE

Diﬂ 0 | Bond|Solde vo Bond | Solder

Pad| Cell Finger| Ball Cell Finger; Ball
53 56 39 K2 1117 120 87 L9 181 184 134 D12 | 245 248 182 C5
54 | OVSS(57)| - - |118] ovss(121)| - - | 182] ovss(i8s)| - - J246] OvsSS(249)| - -
55 58 40 J4 1119 122 88 L10 | 183 186 135 E10 ] 247 250 183 C4
56 | (OVDD5)59 41 c 120/ (OVDD5)123 89 d 184|(OVDD5)187| 136 e 248| (OVDD5)251| 184 b
57 60 42 L1 j121 124 90 N11 ] 185 188 137 C13 249 252 185 A3
58 61 43 L2 §122 125 91 M11 | 186 189 138 C12 ] 250 253 186 B3
59 62 44 M2 f123 126 92 K10 | 187 190 139 | Bi2 J251 254 187 D4
60 63 45 M1 | 124 127 93 L11 |} 188 191 140 B13 |} 252 255 188 C3
61 64 46 N1 J125 128 94 N12 | 189 192 141 A13 J253 256 189 A2
62| OVDD3 - - 126 OVDD3 - - 190 OVDD3 - - 254 C©VDD3 - -
63| OVDD5 - - 127| OVDD5 - - 191 QVDD5 - - 255| OVDD5 -
64 OVSS 47 a 128 OVSS 95 a 192 OVSS 142 a 256 OVSS 190 a

Notes:

1. Die Pad/IO-Cell numbers start at top of LEFT side and increment counter-clockwise.

2. Pkg Pin and Bond Finger numbers start at top of LEFT side and increment counter-clockwise.

3.VSS, VDD, OVSS, OVDD3 and OVDDS indicate fixed power and ground pads on the die (Array) for probe test.
4. OVSS & OVDDS in () are power and ground for Final Test and are Package dependent

5. The following is a cross reference of package dependent Power and Ground Pkg Pin numbers:

GND: a =F6, F7, F8, G6, G7, G8, H6, H7, H8

PWR: b = E5, ¢ = J5, K4, d = J9, e =D10, E9

6. Only OVDDS is connected to package PWR pins.

7.VDD must be supplied separately through I/O package pins for all applications.

Rev. 1.0 6/18/93 JEB
Rev. 1.1 5/11/94 JEB added note 6.
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PACKAGING

Table 4-18 H4CP075 208 (CU) QFP Pad to Pin Cross Reference

LEFT RIGHT

DIE vo 176)

papl CELL |PACKAGE cELL | PACKAGE |
1 VSS - 65 VSS - 129 VSS B 193 VSS - i
2 VDD 5 56 VDD - 130 VDD B 194 VDD B

3 i i 67 5 53 131 129 105 195 193 157 \
q 2 2 68 6 54 132 130 106 196 194 158 {
5 3 3 59 67 55 133 131 107 197 195 159 )
3 7 7 70 8 56 134 132 108 198 196 160 |
7 5 5 71 9 57 135 133 109 199 197 161 ‘
8 5 6 72 70 58 136 134 110 200 198 162 |
9 7 7 73 71 59 137 135 11 201 199 163 j
70 3 8 72 72 0 138 136 112 202 200 164 |
11 | OVSS(9) B 75 | OVDD5(73) 5 139 | OVSS(137) B 203 | OVDD5(201) B

2 10 9 76 74 B1 140 138 113 204 202 165

13 1 0 77 75 62 141 139 114 205 203 166

14 2 1 78 76 63 142 140 115 206 204 167

15 13 2 79 77 54 143 141 116 207 205 168

16 14 13 80 78 5 144 42 117 208 206 169

7 15 1 81 79 66 145 143 118 200 207 170

18 16 15 82 80 57 146 44 119 210 208 71

19 | OVDD5(17) - 83 | OVSS(E1) - 147 | OVDD5(145) B 211 | OVSS(209) B

20 18 6 8 82 68 148 146 120 212 210 172

27 79 17 85 83 56 149 147 121 213 Fill 173

2 20 18 36 84 70 150 148 122 214 212 174

23 21 9 87 85 71 151 149 123 215 213 175

24 22 20 88 87 72 152 150 124 216 215 176

25 23 21 89 8 73 153 51 125 217 216 177

26 24 22 90 89 72 154 152 126 718 217 78

27 25 23 91 90 75 155 153 127 219 218 79

28 26 24 92 92 76 156 154 128 220 220 180

29 28 25 93 93 77 157 156 129 221 221 181

30 | OVSS(E9) g 94 | OVDD5(94) - 158 | OVS5(157) B 222 | OVDD5(222) B

3 31 3 95 95 B 59 159 g 2723 223 g

32 32 76 96 96 78 160 160 130 224 224 182

33 33 27 97 97 79 161 61 131 225 225 183

34 3 28 98 98 80 162 162 132 226 226 184

35 | OVSS(35) - 99 | OVSS(100) - 163 | OVSS(163) B 227 | OVSS(228) -

36 36 29 100 101 a1 164 164 133 228 229 185

37 37 30 101 103 82 165 165 134 229 231 186

38 39 31 102 104 83 166 167 135 230 232 187

39 40 32 103 105 84 167 168 136 231 233 188

a0 ] 33 104 106 85 168 169 137 232 234 189

L] [ 34 105 107 86 169 70 138 233 235 190

a2 44 35 106 108 87 170 172 139 234 236 197

43 75 36 107 109 B8 T 173 740 235 237 192

a1 76 37 108 110 B9 172 174 141 236 238 193

a5 47 38 109 EiK] 90 173 175 142 237 239 194

46 | OVDD5(49) 3 110 | OVDD5(112) - 174 | OVDD5(177) B 238 | OVDD5(240) -

47 50 39 T 113 91 75 178 143 239 241 195

a8 51 40 112 15 92 176 179 144 240 243 196

49 52 a1 113 116 93 177 180 145 241 244 197

50 53 a2 T4 7 94 178 181 146 242 245 198

51 54 43 115 18 95 179 182 147 243 246 199

52 55 a4 116 119 9% 180 183 148 244 247 200

53 56 a5 117 120 97 81 184 149 245 248 201

54 | OVSS(57) 5 118 | OVSS(121) 3 182 | OVSS(185) 5 246 | OVSS(249) B

55 58 6 119 122 98 183 186 150 247 250 202

56 59 47 120 123 99 184 187 51 248 251 203
57 50 78 121 124 100 185 188 152 549 252 204

58 61 49 122 125 101|186 189 153 250 253 205
59 62 50 123 126 102 187 190 154 251 254 206

80 63 51 124 127 103 188 191 155 752 255 207

51 54 52 125 128 104 189 192 156 253 256 208

H4CPlus Series Design Reference Guide MOTOROLA
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PACKAGING

Table 4-18 H4CP075 208 (CU) QFP Pad to Pin Cross Reference
' RIGHT

LEFT
DIE ’o o
PAD| CELL PACKAGE CELL PACKAGE
62 ovDD3 - 126 - 190 OVDD3 - 254 ovDD3 -
63 OVDD5 - 127 OVDD5 - 191 OVDD5 - 255 QOVDD5 -
64 OVSS - 128 OVSSs - 192 ovss - 256 [ -

Notes:
1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise.

2. VSS, VDD, OVSS, OVDD3 and OVDDS5 indicate fixed power and ground pads on the die (Array) for probe test.

Rev 1.0 6/18/93 JEB
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PACKAGING

Table 4-19 H4CP075 225 OMPAC Pad to Pin Cross Reference

LEFT SIDE RIGHT SIDE
DIE PACKAGE DIE PACKAGE
DE’ vo | Bond[solde vo Bond| Solder
Pad Cell Finger| Ball Cell Finger] Ball

1 VSS 1 b 65 VSS 65 b 129 VSS 129 b 193 VSS 193 b i
2 VDD 2 c 66 VDD 66 d 130 VDD 130 e 194 VDD 194 a ~
3 1 3 D4 | 67 65 67 M4 |131 129 131 M12 §195 193 195 D12 l
4 2 4 B1 68 66 68 R2 ] 132 130 132 P15 | 196 194 196 B13 |
5 3 5 C2 | 69 67 69 P3 133 131 133 N14 §197 195 197 A14 J
6 4 6 E5 | 70 68 70 L5 134 132 134 L11 §198 196 198 E11

7 5 7 D3 }§ 71 69 71 N4 ]135 133 135 M13 | 199 197 199 C12

8 6 8 C1 72 70 72 R3 ] 136 134 136 N15 §200 198 200 A13

9 7 9 D2 | 73 71 73 P4 137 135 137 M14 | 201 199 201 B12
10 8 10 E4 | 74 72 74 M5 | 138 136 138 L12 202 200 202 D11
11| OVSS(9) 11 b 75| OVDD5(73)| 75 d 139| OVSS(137)| 139 b 203|0VDD5(201) 203 a
12 10 12 D1 76 74 76 R4 140 138 140 M15 | 204 202 204 A12
13 11 13 E3 | 77 75 77 N5 | 141 139 141 L13 ] 205 203 205 C11

14 12 14 E2 } 78 76 78 P5 | 142 140 142 L14 ] 206 204 206 B11
15 13 15 F5 | 79 77 79 L6 143 141 143 K11 207 205 207 E10

16 14 16 E1 80 78 80 R5 |144 142 144 L15 208 206 208 Al1
17 15 17 F4 | 81 79 81 Mé | 145 143 145 K12 209 207 209 D10

18 16 18 F3 | 82 80 82 N6 | 146 144 146 K13 ]210 208 210 C10

19 |OVDD5(17)) 19 [ 83| OvVSs(81) | 83 d 147{OVDD5(145) 147 e |211| OVSS(209)| 211 b
20| (Ovss)18| 20 b 84 | (OVDD5)82| 84 a 148| (OVSS)146| 148 b §212|(OVDD5)210 212 a

21 19 21 F2 | 85 83 85 P6 | 149 147 149 | Ki4 J213 211 213 B10
22 20 22 F1 | 86 84 86 R6 | 150 148 150 | K15 214 212 214 A10
23 21 23 G4 | 87 85 87 M7 ] 151 149 151 J12 _j215 213 215 D9
24 22 24 G3 | 88 87 88 N7 152 150 152 | J13 216 215 216 Cc9
25 23 25 G2 | 89 88 89 P7 1153 151 153 | J14 217 216 217 B9
26 24 26 G1 § 90 89 90 R7 | 154 152 154 | J15 j218 217 218 A9
27 25 27 G5 | 91 90 91 L7 J155 153 155 | J11 J219 218 219 E9
28 26 28 H3 | 92 92 92 N8 ) 156 154 156 | H13 220 220 220 @]
29 28 29 H2 } 93| (vDD)93 93 d 157 156 157 | H14 }221| (VDD)221 | 221 a

30| OVSS(29)| 30 b 94 | OVDD5(94)| 94 d 158| OVSS(157)| 158 b |222|0VDD5(222) 222 a

31 31 31 Hi § 95 95 95 P8 | 159 159 159 | H15 223 223 223 B8
32 |(OVDD5)32| 32 c 96| (OVSS)96 | 96 b 160{(OVDD5)16Q 160 e |224| (OVSS)224| 224 b

33| (vDD)33 33 c 97 97 97 R8 | 161| (VvDD)161 { 161 e 225 225 225 A8
34 34 34 H4 | 98 98 98 M8 | 162 162 162 | H12 226 226 226 D8
35| OVSS(35)| 35 b 99 | OVSS(100)| 99 b 163| OVSS(163)| 163 b 227) OVSS(228) | 227 b

36 36 36 H5 1100 101 100 L8 |J164 164 164 | H11 }228 229 228 E8
37 37 37 J2 1101 103 101 P9 }165 165 165 | G14 229 231 229 B7
38 39 38 J1 §102 104 102 R9 ] 166 167 166 | G15 230 232 230 A7
39 40 39 J3 [103 105 103 N9 1167 168 167 | G13 231 233 231 c7
40 41 40 J4 1104 106 104 M9 | 168 169 168 | G12 232 234 232 D7
4 42 41 J5 1105 107 105 L9 1169 170 169 | G11 J233 235 233 E7
42 44 42 K1 106 108 106 R10 ] 170 172 170 | F15 §234 236 234 A6
43 45 43 K2 J107 109 107 P10 f171 173 171 F14 §235 237 235 B6
44 46 44 K3 J108 110 108 N10 J 172 174 172 F13 | 236 238 236 c6

45| (vss)47 45 b §109| (vSS)111 | 109 b 173| (VSS)175 | 173 b §237| (VSS)239 | 237 b
46 |[OVDD5(49), 46 d J110j0vDD5(112) 110 e 174|0OVDD5(177) 174 a  |238|0VDD5(240) 238 c

47 50 47 L1 §111 113 111 R11 § 175 178 175 E15 ] 239 241 239 A5

48 51 48 L2 §112 115 112 P11 § 176 179 176 E14 J240 243 240 B5

49 52 49 K4 j 113 116 113 M10 §177 180 177 Fi12 J241 244 241 D6

50 53 50 L3 §114 117 114 N11 178 181 178 E13 }242 245 242 C5

51 54 51 M1 §115 118 115 R12 ] 179 182 179 D15 243 246 243 Ad

52 55 52 K5 ]116 119 116 L10 ] 180 183 180 Fi1 ]244 247 244 E6

... - .|
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PACKAGING

Table 4-19 H4CP075 225 OMPAC Pad to Pin Cross Reference

LEFT SIDE RIGHT SIDE
DIE PACKAGE DIE PACKAGE
Die vo Bond | Solde: Die vo Bond| Solde
Pad Cell Finger| Ball Pad Cell Finger| Ball
53 56 53 M2 §117 120 117 P12 J 181 184 181 D14 §245 248 245 B4
54 | OVSS(57)| 54 b J118| OVSS(121)| 118 b 182| OVSS(185)| 182 b 246| OVSS(249)| 246 b
55 58 55 L4 §119 122 119 [ M11 J 183 186 183 E12 247 250 247 D5
56 59 56 N1 }120 123 120 R13 | 184 187 184 | Ci15 248 251 248 A3
57 60 57 M3 f121 124 121 N12 | 185 188 185 | D13 249 252 249 C4
58 61 58 N2 122 125 122 P13 ] 186 189 186 C14 §250 253 250 B3
59 62 59 P1 §123 126 123 R14 § 187 190 187 | B15 J251 254 251 A2
60 63 60 N3 ] 124 127 124 N13 ] 188 191 188 | C13 | 252 255 252 C3
61 64 61 P2 1125 128 125 P14 §189 192 189 | B14 J253 256 253 B2
62| OVDD3 62 R1 ] 126] OVDD3 126 R15 § 190 OVDD3 190 | A15 254 OVDD3 254 Al
63| OVDD5 63 d |127[ OVDD5 127 e 191] OVDD5 191 a 255| OVDD5 255 c
64 OVSS 64 b 128 OVSsS 128 b 192 ovss 192 b 256 OVSSs 256 b

Notes:

1. Die Pad/IO-Cell numbers start at top of LEFT side and increment counter-clockwise.

2. Pkg Pin and Bond Finger numbers start at top of LEFT side and increment counter-clockwise.

3.VSS, VDD, OVSS, OVDD3, & OVDDS5 indicates fixed power and ground pads on the die (Array) for probe test.

4. OVSS & OVDDS5 in () are power and ground for Final Test and are Package dependent,

5. The following is a cross reference of package dependent Power and Ground Pkg Pin numbers:

PWR: a = F9,F10,G10 c=F6, F7, G6 d=J6, K6, K7 e=K9, K10, J10

GND: b =F8, G7, G8, G9, H6, H7, H8, H9, H10, J7, J8, J9, K8

6. Both OVDD5 and VDD are connected together through the package PWR pins.

7. OVDD3 must be supplied separately through I/O package pins for mixed voltage (5V / 3.3V) I/O applications.

8. The 225 OMPAC package is limited to the following three combinations of mixed (Core/System) power combinations:
5V/5V,5V/3V&5V,and3V/3V.

REV. 1.0 6/18/93 JEB
REV. 1.1 7/12/93 JEB Updated PWR, defined power planes a, c,d and e.
REV. 1.2 5/11/94 JEB Added notes 6 and 7.
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Table 4-20 H4CPO75P1
Analog PLL Option 1

65 VSS
66 VDD
67 AVSS
68 AVDD
69 65
70 66
71 67
72 68
73 69
74 70
75 OVDD5(71)
76 72
77 73
78 74
79 76
80 77
81 78
82 79
83 OVSS(81)
84 82
85 83
86 84
87 85
88 87
89 88
90 89
91 90
92 92
93 93
94 OVDD5(94)
95 95
% 9%
97 97
98 98
99 OVSS(100)
100 101
101 103
102 104
103 105
104 106
105 107
106 108
107 109
108 110
109 11
110 OVDD5(112)
111 113
112 115
113 116
114 117
115 118
116 119
117 120

H4CPlus Series Design Reference Guide

Table 4-20 H4CP075P1
Analog PLL Option 1

118 OVSS(121)
119 122
120 123
121 124
122 125
123 126
124 127
125 128
126 OVDD3
127 OVDD5
128 ovss

PACKAGING

Note: This table replaces the BOTTOM side of each pad
to pin table for each array/package combination when
Analog PLL option 1 is used in the H4CPQ75 array.
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PACKAGING

Table 4-21 HACPO75P2 Table 4-21 H4CP075P2
Analog PLL Option 2 Analog PLL Option 2

65 VSS 193 VSS

66 VDD 194 VDD 119 122 247 250

67 AVSS 195 AVSS 120 123 248 251

68 AVDD 196 AVDD 121 124 249 252

69 65 197 193 122 125 250 253

70 66 198 194 123 126 251 254

71 67 199 195 124 127 252 255

72 68 200 196 125 128 253 256

73 69 201 197 126 OVDD3 254 OVDD3

74 70 202 198 127 OVDD5 255 0OVDD5

75 OVDD5(71) 203 OVDD5(199) 128 OVSS 256 OVSS

76 72 204 200

;; z = o Note: This table replaces the BOTTOM and the TOP

79 76 207 204 side qf egch pad to pin table for (_aach grray/pagkage

80 77 208 205 combination when Analog PLL option 2 is used in the

81 78 209 206 H4CPO75 arr ay.

82 79 210 207

83 OVSS(81) 211 0OVSS(209)

84 82 212 210

85 83 213 211

86 84 214 212

87 85 215 213

88 87 216 215

89 88 217 216

90 89 218 217

91 90 219 218

92 92 220 220

93 93 221 221

94 OVDD5(94) 222 OVDD5(222)

95 95 223 223

96 96 224 224

97 97 225 225

98 98 226 226

99 OVSS(100) 227 0OVSS(228)

100 101 228 229

101 103 229 231

102 104 230 232

103 105 231 233

104 106 232 234

105 107 233 235

106 108 234 236

107 109 235 237

108 110 236 238

109 111 237 239

110 OVDD5(112) 238 OVDD5(240)

111 113 239 241

112 115 240 243

113 116 241 244

114 117 242 245

115 118 243 246

116 119 244 247

117 120 245 248

.

MOTOROLA H4CPlus Series Design Reference Guide

4-30



PACKAGING

%205 & ovss
o 300 250 40 vsS
\ED UQQ\UR IIIIIIIIIIIIIIIIIIIII /U ) dﬁ// QVSS

OVDDS

[ OVDD3
310 300 250 240 220
1 230
7
H4CP109 220 —Fta10
Die Size 391 X 391 =5

210

4.8 Mil Linear Pad Pitch (304 Total, 76/Side)
4.0 Mil Linear /O Pitch (312 Total, 78/Side)

200

VSS (4) VDD (4)

OVSS (24)
oVDD3 (4) 190
OVDD5 (16)
180- E";'\ovss
BN Unconnected /O Sites @
N
1707 N\ 170
Rev. 2.0 ‘ OvDD5
3/25/94
100 110 120 130 140 150 160
VDD
%ﬂ Bovss
GlhhHhy A O~

100 110 120 130 140 csg\ ovss

ovss OVDD5 ‘- 0VSS ovss ovss
OoVDD5 ovss ovDD5 OvDD3

Figure 4-4 H4CP109 Footprint

Note:

P1 = Analog PLL option 1 (H4CP109P1) bottom left corner only,
see Table 4-29 for I/O to pad configuration.

P2 = Analog PLL option 2 (H4CP109P2) bottom left and top right corners,
see Table 4-30 for I/O to pad configuration.
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PACKAGING

Table 4-22 H4CP109 160 (CU) QFP Pad to Pin Cross Reference

LEFT

DIE[ 1O

pAD| CELL |PACKAGE

7 V35 -

2 VDD -

3 i i

rl 2 2

5 3 3

5 7 3

7 5 5

8 3 6

9 7 -

10 8

il 3 7

12 10 8

13 i -

14 2 -

15 [OVDD5(13) - 97 [OVDD5(91) - 167 |OVDD5(169) - 243 |OVDD5(247) -
16 i 9 92 92 79 168 170 89 |24a| 248 129
77 15 10 93 93 50 169 171 90  |245] 249 130
18 | OVSS(16) - 94 | OVSS(94) - 70| OVSS(172) E 246 | OVSS5(250) -
19 77 - 95 95 - 71 173 - 247 251 -
20 18 T 96 96 51 172|174 91 248|050 31
21 19 12 97 97 52 173 175 92 249 953 132
22 20 - 98 98 E 174|176 - 250 254 -
23 21 - 99 99 - 75| 177 - 251 255 -
24 22 13 [100] 100 53 176] 178 93 |252] 256 133
25 23 14 [101 101 54 177] 179 94 253 257 134
26 24 15 [102] 102 55 78] 180 95 |254] 258 135
27 [ OVSS(25) - 103 | OVSS(104) - 179 OVSS(181) - 255 | OVSS(260) -
28 |[OVDD5(26) - 104 [OVDD5(105) - 180 [OVDD5(182) - 256 |OVDD5(261) -
29 28 16 |105] 106 56 181 184 96 |257] 262 136
30 29 7 |106] 107 57 182 185 97 |258] 263 137
31 30 - 107 109 - 183] 186 - 259|265 -
32 31 - 108] 110 - 184] 187 - 260] 266 -
33 33 - 109|111 - 185 189 - 261 267 -
34 37 78 |ii0] 112 58 786] 190 98 262|268 138
35 35 9 1 113 59 187] 191 99 [263] 269 139
36 36 20 |i2] 115 50 88| 192 700 [264| 271 140
37 38 E 13| 116 E 189|194 - 265 272 -
38 | OVS5(39) - 114 | OVSS(i17) - 790 | OVSS(195) 5 266 | OVSS(273) g
39 70 21 5] 118 B1 191 196 101|267 274 T4
70 ] 22 |1i6] 120 62 192|197 102 |268| 276 142
71 72 23 |7 12 63 193] 198 103|269 277 143
2 a7 5 8| 122 - 194|200 - 270|278 -
a3 5 - 79| 123 - 195 201 - 271 379 -
1z 5 - 120 124 - 196|202 - 272|280 -
45 77 24 |21 126 84 [197] 203 104 |273] 282 144
6 48 25 |122] 127 65 198| 204 105 |274| 283 145
a7 50 - 23] 128 - 199|206 - 275|284 -
28 [OVDD5(51) - 124 [OVDD5(129) - 200 |OVDD5(207) - 276 [OVDD5(285) -
49 | OVSS(59) - 125 OVSS(131) - 201 | OVSS(208) - 277 OVSS(287) -
50 53 %6 |126] 132 86 |202] 209 106 |278] 288 146
51 55 37 |27 133 57 |203] 211 107 |279] 289 147
52 56 28 [128] 134 68 [204] 212 708 |280] 290 148
53 57 - 1291 136 - 205] 213 - 281 292 -
57 58 - 130 137 - 206|214 - 282 293 -
55 60 - 131 138 - 507|216 : 283 294 -
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LEFT RIGHT

DIE[ 10 o

PAD| CELL ceLL |PACKAGE|,

BTt 7T o0

5T 62 30 [133] 140 70 [200] 218 770|285 296 150
58 [ OVSS(63) {134 OVSS(a |- [210] OVSS(219) 286 OVSSE297) -
5 64 — i 42 — A 220 —{287 298 -
5065 3T {136 143 i BE B T |28 299 757 :
61 66 32 137 144 72 213 222 12 289 300 152
267 s 145 — o 225 —{5%0] 301 -
63 68 139 146 215 224 291 302

64 69 33 140 147 73 216 225 113 292 303 153
& 70 3 {741 148 72217226 774|203 304 152
SR E — a2 149 — s 227 — 294305 -
7 72 S R — {19228 —{295 306 -
68 73 35 144 151 75 220 229 115 296 307 155
74 3% |45 152 76227230 116|297 308 156
7075 37|46 153 7712231 77 {298 309 157
AT 76 38 [147] 152 78223 232 118 [299] 310 158
T 77 30 |48 155 75 |224] 233 719 |300] 311 159
7378 20 |749] 156 80 f2o5] 234 120|301 312 160
74 OVDD3 —— 1450 OvVDD3 —1226] OVDD3 —1302] OVDD3 -
75 OVDD5 151 OVDD5 —{227] ovDD5 —1303| OVDDS -
76 | OVSS — 752 0OvsS — 2281 ovsS —{304] _OVSS -

Notes:
1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise.
2. VSS, VDD, OVSS, OVDD3 and OVDDS5 indicate fixed power and ground pads on the die (Array) for probe test.

Rev 1.0 6/18/93 JEB
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Table 4-23 H4CP109 160 MicroCool Pad to Pin Cross Reference

DIE
PAD
1 V55 - 229| VSS -
2 VDD - 78 | VDD - 154 VDD - 230 VDD -
3 7 70 79 79 760 [155] 157 120|231 235 80
7 P 39 80 80 159 |156] 158 119 |232| 236 79
5 3 38 81 81 158 [157| 159 118|233 237 78
3 Z 37 82 82 157 [158| 160 117|234 238 77
7 5 36 83 83 156 |159] 161 116 |235] 239 76
3 5 35 84 87 155 |160] 162 115|236 240 75
9 7 - 85 85 - 161 163 - 237 241 -
0 8 86 36 162 164 238 242
11 g 34 87 87 154 |163] 165 T4 |239] 243 77
12 10 33 88 88 153 |164] 166 13 [240| 244 73
13 1 - 89 89 g 165] 167 - 241 245 -
4 14 2 90 90 166] 168 242|246
15 [OVDD5(13) - 91 [OVDD5(91) - 167 |OVDD5(169) B 243 |OVDD5(247) B
‘ 16 4 32 92 92 152 |168] 170 T2 [244| 248 72
77 15 31 93 93 157|169 171 1 |245] 249 7i
18 | OVSS(16) g 94 [ OVSS(94) - 170 OVSS(172) - 246 | OVSS(250) -
19 77 95 95 71 173 247 251
20 18 30 96 96 150  |172] 174 0 [248| 252 70
21 19 29 97 97 149 [173| 175 109|249 253 89
22 20 98 98 74| 176 250 254
23 Pl 99 99 75| 177 251 255
24 22 28 [100] 100 748|176 178 108|252 256 58
25 23 27 |101] 101 147 (177 179 107|253 257 67
76 24 26 102 102 146 |178] 180 106 |254] 258 56
27 [ OVSS(25) - 103 | OVSS(104) - 179] OVSS5(187) - 255 | OVSS(260) g
28 [OVDD5(26) - 704 [OVDD5(105) g 180 |OVDD5(182) - 256 |OVDD5(261) -
29 28 25 [105] 106 145|181 184 705 [257] 262 65
30 29 24 (106 107 144|182 185 104|258 263 54
3 30 707] 109 183 186 259 265
32 31 - 708 110 - 184 187 - 260|266 -
33 33 10011 185] 189 261 267
34 34 23 |10 112 143|186 190 703|262 268 63
35 35 22 [ 113 142 [187[ 191 102|263 269 2
36 36 21 2] 115 141 [188| 192 101 |264] 271 B1
37 38 T3] 116 189] 194 265 272
38 | OVSS(39) - 114 OVSS(17) - 190 OVS5(195) - 266 | OVSS(273) -
39 20 20 |15 118 140 191 196 100|267 274 50
40 ] 19 [116] 120 139 [192| 197 99 |268] 276 59
23] 12 18 |117| 124 138|193 198 98 [260] 277 58
42 44 - 78] 102 - 194 200 - 270|278 E
a3 75 9] 123 195 201 271 279
47 76 - 120 124 - 196|202 - 272|280 -
45 a7 177|127 126 137|197 203 97 |273] 282 57
76 18 6 122|127 136 [198] 204 96 |274| 283 56
77 50 123 128 199 206 275|284
48 [OVDD5(51) - 124 [OVDD5(129) - 200 |OVDD5(207) - 276 |OVDD5(285) -
49 | OVSS(52) - 125 OVSS(131) - 201 | OVSS5(208) - 277 | OVSS(287) -
50 53 5 [126] 132 135 {202 209 95 [278] 288 55
51 55 14 [127] 133 134 [203] 20 94 [279] 289 57
52 56 13 [128] 134 133|204 212 93 [280] 290 53
53 57 - 129|136 - 205|213 - 281 292 <
54 58 130|137 206|214 282|293
55 50 - 131|138 - 207|216 - 283|294 -
56 61 12 [132] 139 132 |208] 217 92 [284] 2% 52

MOTOROLA
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Table 4-23 HACP109 160 MicroCool Pad to Pin Cross Reference

LEFT RIGHT
DIE[ VO )
paD| CELL |PACKAGE CELL |PACKAGE ’
57 62 1 133 140 131 J209| 218 91 285| 296 51 j
58 | OVSS(63) E 134 | OVSS(141) - 210 OVS5(219) - 286 | OVS5(297) - ‘
59 64 135 142 211 220 287 298 \
50 65 10 |36 143 130 [212| 221 50 |288] 299 50 !
B 66 3 137 144 129 [213| 222 89 |289] 300 49 1
2 67 138] 145 214|223 290] 301 |
53 68 139 146 215|224 297 302 t
54 59 3 140|147 128 |216| 225 88 [292| 303 a8
65 70 7 741 148 157 [217] 226 87 |293] 304 a7
56 71 - 142 149 - 18| 227 294|305
57 72 - 43| 150 - 219 228 - 295|306 -
58 73 5 144] 151 196|220 229 86 |296] 307 46
59 74 5 145|152 125 221 230 85 |297] 308 45
70 75 7 146 153 124 (222 231 84 |298] 309 44
71 76 3 147|154 123 |223| 232 83 |299] 310 43
72 77 2 148 155 122 |224| 233 82 |s00] 311 12
73 78 1 149 156 121 225|234 81 301 312 7
74 | OVDD3 - 150| OVDD3 - 226| OVDD3 - 302| _OVDD3 g
75 | OVDD5 - 151 _OVDD5 - 257] OVDD5 - 303| _OVDD5 -
76 | OVSS ~ 52| OVSS - 228]  OVSS - 304]  OVSS -

Notes:
1. Die pad/cell numbers start at top of LEFT side and increment counter-clockwise.
* 2. Package numbers start at bottom of the LEFT side and increment clockwise
3.VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die (Array) for probe test..

Rev 1.0 6/18/93 JEB

H4CPlus Series Design Reference Guide MOTOROLA
4-35



PACKAGING

Table 4-24 H4CP109 208 (CU) QFP Pad to Pin Cross Reference

LEFT
DIE /o]
paD| cELL |PACKAGE
T VsS B V - 153 VSS. - D V -
2 VDD - 78 VDD - 154 VDD - 230 VDD -
3 1 1 79 79 53 155 157 105 231 235 157
4 2 2 80 80 54 156 158 106 232 236 158
5 3 3 81 81 55 157 159 107 233 237 159
6 4 4 82 82 56 158 160 108 234 238 160
7 5 5 83 83 57 159 161 109 235 239 - 161
8 3 3 84 84 58 160 162 110 236 240 162
9 7 7 85 85 59 161 163 111 237 241 163
10 8 8 86 86 60 162 164 112 238 242 164
11 9 9 87 87 61 163 165 113 239 243 165
12 10 10 88 88 62 164 166 114 240 244 166
13 1 1 89 89 63 165 167 115 241 245 167
14 12 12 90 90 64 166 168 116 242 246 168
15 _| OVDD5(13) - 91 | OVDD5(91) - 167 | OVDD5(169) B 243 | OVDD5(247) B
4 16 14 13 92 92 65 168 170 117 244 248 169
17 15 14 93 93 66 169 171 118 245 249 170
18 | OVSS(16) - 94 | OVS5(94) - 170 | OVSS(172) - 246 | OVSS(250) B
19 17 15 95 95 67 171 173 119 247 251 171
20 18 16 96 96 68 172 174 120 248 252 172
21 19 17 97 97 69 173 175 121 249 253 173
22 20 - 98 98 - 174 176 - 250 254 -
23 21 - 99 99 - 175 177 - 251 255 -
24 22 18 100 100 70 176 178 122 252 256 174
25 23 19 101 101 71 177 179 123 253 257 175
26 24 20 102 102 72 178 180 124 254 258 176
27 | OVSS(25) B 103 | OVSS(104) 5 179 | OVSS(i81) - 255 | OVSS(260) -
28 | b‘vgos:(zzs) - 104 | OVDD5(105) - 180 | OVDD5(182) - 256 | OVDD5(261) -
29 28 21 105 106 73 181 184 125 257 262 177
30 29 22 106 107 74 182 185 126 258 263 178
31 30 23 107 109 75 183 186 127 259 265 179
32 31 - 108 110 - 184 187 - 260 266 -
33 33 - 109 111 - 185 189 - 261 267 -
34 34 - 110 112 - 186 190 - 262 268 -
35 35 24 111 113 76 187 191 128 263 269 180
36 36 25 112 115 77 188 192 129 264 271 181
37 38 26 113 116 78 189 194 130 265 272 182
38 | OVSS(39) s 114 | OVSS(117) < 190 | OVSS(195) - 266 | OVSS(273) -
39 40 27 115 118 79 191 196 131 267 274 183
40 41 28 116 120 80 192 197 132 268 276 184
41 42 29 117 121 81 193 198 133 269 277 185
42 44 - 118 122 - 194 200 - 270 278 -
43 45 - 119 123 - 195 201 - 271 279 -
44 46 - 120 124 - 196 202 - 272 280 -
45 47 30 121 126 82 197 203 134 273 282 186
46 48 31 122 127 83 198 204 135 274 283 187
47 50 32 123 128 84 199 206 136 275 284 188
48 | OVDD5(51) - 124 | OVDD5(129) - 200 | OVDD5(207) - 276 | OVDD5(285) -
49 | OVSS(52) - 125 | OVSS(131) - 201 | OVSS(208) - 277 | OVSS(287) -
50 53 33 126 132 85 202 209 137 278 288 189
51 55 34 127 133 86 203 211 138 279 289 190
52 56 35 128 134 87 204 212 139 280 290 191
53 57 - 129 136 - 205 213 - 281 292 -
54 58 - 130 137 - 206 214 - 282 293 -
| 55 60 36 131 138 88 207 216 140 283 294 192
56 61 37 132 139 89 208 217 141 284 295 193
57 62 38 133 140 90 209 218 142 285 296 194
Eé OVSS(63) - 134 | OVSS(141) - 210 | OVSS(219) - 286 | OVSS(297) -
59 64 39 135 142 91 211 220 143 287 298 195
60 65 40 136 143 92 212 221 144 288 299 196
61 66 - 137 144 - 213 222 - 289 300 -
62 67 41 138 145 93 214 223 145 290 301 197
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Table 4-24 H4CP109 208 (CU) QFP Pad to Pin Cross Reference

PACKAGING

LEFT RIGHT

DIE vo /0

pap| CELL PACKAGE CELL PACKAGE |

o3 55 12 16 37 1 204 146 8

[ 64 69 43 140 147 95 216 225 147 292 303 199
65 70 44 141 148 96 217 226 148 293 304 200
66 71 45 142 149 97 218 227 149 294 305 201
67 72 46 143 150 98 219 228 150 295 306 202
68 73 47 144 151 99 220 229 151 296 307 203

69 74 48 145 152 100 221 230 152 297 308 204
70 75 49 146 153 101 222 231 153 298 309 205
71 76 50 147 154 102 223 232 154 299 310 206
72 77 51 148 155 103 224 233 155 300 311 207
73 78 52 149 156 104 225 234 156 301 312 208
74 | OVDD3 - 150 | OVDD3 - 226 | OVDD3 - 302 | OVDD3 -
75 | _OVDD5 - 151 OVDD5 - 227 | OVDD5 - 303 OVDD5 -
76 OVSS - 152 OVSS B 228 OVSS - 304 OVSS -
Notes:

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise.

2.VSS, VDD, OVSS, OVDD3 and OVDDS5 indicate fixed power and ground pads on the die (Array) for probe test.
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Table 4-25 H4CP109 208 MicroCool Pad to Pin Cross Reference

LEFT RIGHT
DIE /o Vo
PAD| CELL ceLL |PACKAGE
1 VsS i VSS, - -
2 VDD - 78 VDD - 154 VDD - 230 VDD -
3 1 52 79 79 208 155 157 156 231 235 104
4 2 51 80 80 207 156 158 155 232 236 103
5 3 50 81 81 206 157 159 154 233 237 102
6 4 49 82 82 205 158 160 153 234 238 101
7 5 48 83 83 204 159 161 152 235 239 100
8 6 47 84 84 203 160 162 151 236 240 99
9 7 46 85 85 202 161 163 150 237 241 98
10 8 45 86 86 201 162 164 149 238 242 97
1" 9 44 87 87 200 163 165 148 239 243 96
12 10 43 88 88 199 164 166 147 240 244 95
13 11 42 89 89 198 165 167 146 241 245 94
14 12 41 90 90 197 166 168 145 242 246 93
15 | OVDD5(13) - 91 | OVDD5(91) - 167 | OVDD5(169) - 243 | OVDD5(247) -
16 14 40 92 92 196 168 170 144 244 248 92
17 15 39 93 93 195 169 171 143 245 249 91
18 | OVSS(16) 3 94 | OVSS(94) B 170 | OVSS(172) - 246 | OVSS(250) s
19 17 38 95 95 194 171 173 142 247 251 90
20 18 37 96 96 193 172 174 141 248 252 89 -
21 19 36 97 97 192 173 175 140 249 253 88
22 20 - 98 98 - 174 176 - 250 254 -
23 21 - 99 99 - 175 177 - 251 255 -
| 24 22 35 100 100 191 176 178 139 252 256 87
25 23 34 101 101 190 177 179 138 253 257 86
26 24 33 102 102 189 178 180 137 254 258 85
27 | OVSS(25) - 103 | OVSS(104) - 179 | OVSS(181) - 255 | OVSS(260) -
28 | OVDD5(26) - 104 | OVDD5(105) - 180 | OVDD5(182) - 256 [ OVDD5(261) -
29 28 32 105 106 188 181 184 136 257 262 B84
30 29 31 106 107 187 182 185 135 258 263 83
31 30 30 107 109 186 183 186 134 259 265 82
32 31 - 108 110 - 184 187 - 260 266 -
33 33 - 109 111 - 185 189 - 261 267 -
34 34 - 110 112 - 186 190 - 262 268 -
35 35 29 111 113 185 187 191 133 263 269 81
36 36 28 112 115 184 188 192 132 264 271 80
37 38 27 113 116 183 189 194 131 265 272 79
38 | OVSS(39) B 114 | OVSS(117) - 190 | OVSS(195) - 266 | OVSS(273) -
39 40 26 115 118 182 191 196 130 267 274 78
40 41 25 116 120 181 192 197 129 268 276 77
41 42 24 17 121 180 193 198 128 269 277 76
42 44 - 118 122 - 194 200 - 270 278 -
43 45 - 119 123 - 195 201 - 271 279 -
44 46 - 120 124 - 196 202 - 272 280 -
45 47 23 121 126 179 197 203 127 273 282 75
46 48 22 122 127 178 198 204 126 274 283 74
47 50 21 123 128 177 199 206 125 275 284 73
48 | OVDD5(51) z 124 | OVDD5(129) s 200 | OVDD5(207) - 276 | OVDD5(285) -
49 | OVSS(52) Z 125 | OVSS(131) s 201 | OVSS(208) - 277 | OVSS(287) -
50 53 20 126 132 176 202 209 124 278 288 72
51 55 19 127 133 175 203 21 123 279 289 71
52 56 18 128 134 174 204 212 122 280 290 70
53 57 - 129 136 - 205 213 - 281 292 -
54 58 - 130 137 - 206 214 - 282 293 -
55 60 17 131 138 173 207 216 121 283 294 69
56 61 16 132 139 172 208 217 120 284 295 68
57 62 15 133 140 171 209 218 119 285 296 67
58 | OVSS(63) - 134 | OVSS(141) - 210 | OVSS(219) 5 286 | OVSS(297) -
59 64 14 135 142 170 211 220 118 287 298 66
60 65 13 136 143 169 212 221 117 288 299 65
61 66 - 137 144 - 213 222 - 289 300 -
62 67 12 138 145 168 214 223 116 290 301 64
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Table 4-25 H4CP109 208 MicroCool Pad to Pin Cross Reference

LEFT RIGHT
DIE /0 DIE 1o
pap| cELL |PACKAGE paD| ceLL |PACKAGE
53 (3] 11 2 215 P 15
64 59 10 140 147 166 216 225 114 292 303 62
65 70 9 141 148 165 217 226 113 293 304 61
66 71 8 142 149 164 218 227 112 294 305 60
67 72 7 143 150 163 219 228 LEE 295 306 59
68 73 6 144 51 162 220 229 110 296 307 58 |
69 74 5 145 152 161 221 230 109 297 308 57 %
70 75 4 146 153 160 202 231 108 298 309 56 |
71 76 3 147 154 159 223 232 107 299 310 55 i
72 77 2 148 155 158 224 233 106 300 371 54
73 78 1 149 156 157 225 234 105 301 312 53 1
74 | _OVDD3 - 150 | OVDD3 B 226 | OVDD3 5 302 | OvVDD3 - |
75 | OVDD5 - 151| OVDD5 - 227 OVDD5 - 303] OVDD5 -
76 OVSS - 152 OVSS B 228 OVSS 5 304 OVSS B
Notes:

1. Die pad/cell numbers start at top of LEFT side and increment counter-clockwise.
2. Package numbers start at bottom of the LEFT side and increment clockwise.
3.VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die(Array) for probe test.
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Table 4-26 H4CP109 225 OMPAC Pad to Pin Cross Reference

LEFT SIDE RIGHT SIDE
DIE PACKAGE DIE PACKAGE
Die vo Bond | Soide! Dij vo Bond | Solder
Pa Cell Finger| Ball a Cell Finger| Ball
1 VSS 1 b 153] VSS 141 b
2 VDD 2 a |78 VDD a 154 VDD 142 a
3 1 3 At |79 79 R1 |155 157 143 R15
4 2 4 C3 | 80 80 N3 ] 156 158 144 N13
5 3 5 D4 | 81 81 M4 157 159 145 M12
6 4 - - 82 82 - - 158| 160 - -
7 5 6 B1 } 83 83 76 R2 ]159, 161 146 P15 }235 239 216 Al14
8 | (OVDD5)6| 7 a | 84| (OVDD5)84| 77 a 160[(OVDD5)162 147 a 236{(0OVDD5)240 217 a
9 7 8 Cc2 |85 85 78 P3 ]161 163 148 N14 §237 241 218 B13
10| (OVSS)8 9 b 86| (OVSS)86 79 b 162| (OVSS)164] 149 b 238] (OVSS)242| 219 b
11 9 10 D3 |87 87 80 N4 1163 165 150 M13 }239 243 220 C12
12 10 11 C1 88 88 81 R3 164 166 151 N15 }240 244 221 A13
4 13 11 12 D2 |89 89 82 P4 ]165 167 152 M14 J241 245 222 B12
14 12 13 E4 | 90 90 83 M5 ]166 168 153 L12 242 246 223 D11
15 |OVDD5(13)[ 14 a |91|0vDD5(91)| 84 a 167/OVDD5(169) 154 a 243|0VDD5(247) 224 a
16 14 15 E3 |92 92 85 N5 ]168] 170 155 L13  ]244] 248 225 Ci1
17 15 16 D1 ] 93 93 86 R4 169 171 156 M15 ]245 249 226 A12
18 | OVSS(16) 17 b 94| OVSS(94) 87 b 170 OVSS(172)| 157 b 246 OVSS(250)| 227 b
19 17 18 F5 | 95 95 88 L6 171 173 158 K11 }247| 251 228 E10
20 18 19 E2 | 96 96 89 P5 172 174 159 L14 248 252 229 B11
21 19 20 F4 | 97 97 90 M6 |173 175 160 K12 ]249 253 230 D10
22| (VSS)20 21 b 98] (VSS)98 91 b 174] (VSS)176 | 161 b 250| (VSS)254 | 231 b
23 21 22 E1 ] 99 99 92 R5 |175 177 162 L15 |251 255 232 Al
24 22 - - 100 100 - - 176 178 - - 252 256 - -
25 23 23 F3 {101 101 93 N6 J177 179 163 K13 }253 257 233 C10
26 24 24 G5 102 102 94 L7 J178 180 164 J11 254 258 234 E9
27 ) OVSS(25)| 25 b 103 OVSS(104)| 95 b 179| OVSS(181)| 165 b 255 OVSS(260)| 235 b
28 |[OVDD5(26)] 26 a ]104/0OVDD5(105) 96 a 180{OVDD5(182) 166 a 256{0VDD5(261) 236 a
29 28 27 F2 ]105 106 97 P6 181 184 167 K14 257 262 237 B10
30 29 28 F1 ]106 107 98 R6 182 185 168 K15 ]258 263 238 A10
31 30 29 G3 107 109 99 N7 }183 186 169 J13 | 259 265 239 Cc9
32 31 30 G4 108 110 100 M7 |184 187 170 J12 1260 266 240 D9
33| (OVSS)33| 31 b J109] (OVSS)111| 101 b 185| (OVSS)189] 171 b 261| (OVSS)267| 241 b
34 34 32 G2 110 112 102 P7 }186 190 172 J14 1262 268 242 B9
35 35 33 G1 J111 113 103 R7 ]187| 191 173 J15 263 269 243 A9
36 36 34 H3 ]112 115 104 N8 ] 188 192 174 H13 264 271 244 c8
37 38 35 H2 ]113] 116 105 P8 [189 194 175 H14 265 272 245 B8
38| OVSS(39)| 36 b J114] OVSS(117)| 106 b 190 OVSS(195)| 176 b 266] OVSS(273)| 246 b
39 40 37 H1 }115 118 107 R8 }191 196 177 H15 267 274 247 A8
40 {(OVDD5)41] 38 a }116](OvDDS5)120; 108 a 192|(OVDD5)197 178 a 268|(OVDD5)276 248 a
41 42 39 H4 }117 121 109 M8 193 198 179 H12 ]269| 277 249 D8
42 44 40 H5 ]118] 122 110 L8 }194 200 180 H11 270 278 250 E8
43 45 41 J2 119 123 111 P9 §195 201 181 G14 J271 279 251 B7
44 46 - - }120] 124 - - 196 202 - - 272, 280 - -
45 47 42 J1 j121 126 112 R9 ]197] 203 182 G15 273 282 252 A7
46 48 43 J3 j122 127 113 N9 ]198 204 183 G13 |274 283 253 Cc7
47 50 44 J4 1123 128 114 M9 199 206 184 G12 |275) 284 254 D7
48 |OVDD5(51)] 45 a [124/0OVDD5(129) 115 a 200{OVDD5(207) 185 a 276|OVDD5(285) 255 a
49| OVSS(52)| 46 b J125] OVSS(131)| 116 b 201] OVSS(208)| 186 b 277| OVSS(287)| 256 b
50 53 47 J5 |126 132 117 L9 J202 209 187 G11 278 288 257 E7
51 55 48 K1 127 133 118 R10 §203 211 188 F15 {279 289 258 A6
52 56 - - |128] 134 - - 204 212 - - 280 290 - -
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PACKAGING

Table 4-26 H4CP109 225 OMPAC Pad to Pin Cross Reference

LEFT SIDE RIGHT SIDE
DIE PACKAGE DIE PACKAGE

Die vo Bond | Solde Die vo Bond | Solder

Pad Cell Finger| Ball fPad ; Pad Cell Finger| Ball

53 57 49 K2 1129 136 119 P10} 205 213 189 F14 281 292 259 B6
54| (VDD)58 50 a J130] (vDD)137 | 120 a 206{ (vDD)214 | 190 a 282] (VDD)293 | 260 a
55 60 51 K3 §131 138 121 N10 J207| 216 191 F13 }283 294 261 Cé
56 61 52 K4 1132 139 122 M10 208 217 192 F12 1284 295 262 D6
57 62 53 L1 §133 140 123 R11 1209 218 193 E15 }285 296 263 A5
58| OVSS(63) 54 b J134] OVSS(141)| 124 b 210| OVSS(219)] 194 b 286 OVSS(297)| 264 b
59 64 55 L2 }135 142 125 P11 j211 220 195 E14 1287 208 265 B5
60 65 56 L3 |136 143 126 N11 §212 221 196 E13 ]288 299 266 C5
61 66 57 M1 137 144 127 R12 J213 222 197 D15 289 300 267 A4
62 67 58 M2 }138 145 128 P12 ]214 223 198 D14 }290] 301 268 B4
63 | (OVDD5)68 59 a ]139|(OVDD5)146] 129 a 215/(0OVDD5)224 199 a 291)(OVDD5)302 269 a
64 69 60 K5 §140 147 130 L10 }216 225 200 F11 1292 303 270 E6
65 70 61 L4 4 148 131 M11 217 226 201 E12 1293 304 271 D5
66 71 62 N1 §142 149 132 R13 §218 227 202 C15 294 305 272 A3
67| (OVSS)72| 63 b [143| (OVSS)150| 133 b 219| (OVSS)228| 203 b 295| (OVSS)306{ 273 b
68 73 64 M3 }144 151 134 N12 J220 229 204 D13 296 307 274 C4
69 74 - - 145 152 - - 221 230 - - 297, 308 - -
70 75 65 N2 {146 153 135 P13 ] 222] 231 205 C14 ]298| 309 275 B3
71 76 66 P1 147 154 136 R14 §223 232 206 B15 1299 310 276 A2
72 77 67 P2 }148 155 137 P14 224 233 207 B14 ]300 311 277 B2
73 78 68 L5 §149 156 138 L11  §225 234 208 E11 }301 312 278 E5
74| OVDD3 - - J150] OVDD3 - - 226| OVDD3 - - 302| OVDD3 - -
75| OVDD5 69 a 151 OVDD5 139 a 227| OVDD5 209 a 303] OVDD5 279 a
76| OvVss 70 b 152 OvVss 140 b 228 OVSS 210 b 304 Ovss 280 b

NOTES:

1. Die Pad/lO-Cell numbers start at top of LEFT side and increment counter-clockwise.

2. Pkg Pin and Bond Finger numbers start at top of left side and increment counter-clockwise.

3.VSS, VDD, OVSS, OVDD3, & OVDDS indicates fixed power and ground pads on the die(Array) for probe test.

4. OVSS & OVDDS5 in () are power and ground for Final Test and are Package dependent

5. The following is a cross reference of package dependent Power and Ground Pkg Pin numbers:

PWR; a = F9,F10,G10, F6, F7, G6, J6, K6, K7, K9, K10, J10.

GND: b =F8, G7, G8, G9, H6, H7, H8, H9, H10, J7, J8, J9, K8

6. Both OVDD5 and VDD are connected together through the package PWR pins.

7. OVDD3 must be supplied seperately through I/O package pins for mixed voltage ( 5V / 3.3V) I/O applications.

8. The 225 OMPAC package is limited to the following three combinations of mixed ( Core/System ) power combinations:
5V/5V,5V/3V&5V,and3V/3V.

Rev. 1.0 1/4/94 JEB
Rev. 1.1 5/11/94 JEB added notes 6 and 7.
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; PACKAGING

Table 4-27 H4CP109 240 (CU) QFP Pad to Pin Cross Reference

LEFT RIGHT
DIE Vo /o
pap| CELL PACKAGE CELL PACKAGE
1 VSS - 77 VSS - 153 VSS - 229 VSS -
2 VDD - 78 VDD - 154 VDD - 230 VDD -
3 i 1 79 79 61 155 157 121 231 235 181
] 2 2 80 80 62 156 158 122 232 236 182
5 3 3 81 81 63 157 159 123 233 237 183
6 4 I3 82 82 64 158 160 124 234 238 184
| 7 5 5 83 83 65 159 161 125 235 239 185
8 3 6 84 84 66 160 162 126 236 240 186
9 7 7 85 85 67 161 163 127 237 241 187
10 8 8 86 86 68 162 164 128 238 242 188
11 9 9 87 87 69 163 165 129 239 243 189
12 10 10 88 88 70 164 166 130 240 244 190
13 ik 11 89 89 71 165 167 131 241 245 191
14 12 12 90 90 72 166 168 132 242 246 192
15 | OVDD5(13) - 91 | OVDD5(91) - 167 | OVDD5(169) - 243 | OVDD5(247) -
4 16 14 13 92 92 73 168 170 133 244 248 193
17 5 1 93 93 74 169 71 134 245 249 194
I 18 | OVSS(16) - 94 | OVSS5(94) - 170 | OVSS(172) - 246 | OVSS(250) -
19 7 15 95 35 75 171 173 135 247 251 195
20 18 16 96 96 76 172 174 136 248 2652 196
21 19 17 97 97 77 173 175 137 249 253 197
22 20 18 98 98 78 174 176 138 250 254 198
23 21 19 99 99 79 175 177 139 251 255 199
24 22 20 100 100 80 176 178 140 252 256 200
25 23 21 101 101 81 177 179 141 253 257 201
26 24 22 102 102 82 178 180 142 254 258 202
[ 27 | OVSS(25) - 103 | OVSS(104) - 179 | OVSS(181) - 255 | OVSS(260) -
28 | OVDD5(26) - 104 | OVDD5(105) - 180 | OVDD5(182) - 256 | OVDD5(261) -
29 28 23 105 106 83 181 184 143 257 262 203
30 29 24 106 107 84 182 185 144 258 263 204
31 30 25 107 109 85 183 186 145 259 265 205
32 31 26 108 110 86 184 187 146 260 266 206
33 33 - 109 111 - 185 189 - 261 267 -
34 34 27 110 112 87 186 190 147 262 268 207
35 35 28 111 113 88 187 191 148 263 269 208
36 36 29 112 115 89 188 192 149 264 271 209
37 38 30 113 116 90 189 194 150 265 272 210
38 | OVSS(39) - 114 | OVSS(117) - 190 | OVSS(195) - 266 | OVSS(273) -
39 40 31 115 118 91 191 196 151 267 274 211
40 41 32 116 120 92 192 197 152 268 276 212
41 42 33 117 121 93 193 198 153 269 277 213
42 43 34 118 122 94, 194 200 154 270 278 214
43 45 - 119 123 - 195 201 - 271 279 -
4 46 35 120 124 95 196 202 155 272 280 215
25 47 36 121 126 96 197 203 156 273 282 216
46 48 37 122 127 97 198 204 157 274 283 217
47 50 38 123 128 98 199 206 158 275 284 218
48 | OVDD5(51) - 124 | OVDD5(129) - 200 | OVDD5(207) - 276 | OVDD5(285) -
49 | OVSS(52) - 125 | OVSS(131) - 201 | OVSS(208) - 277 | OVSS(287) -
50 53 39 126 132 99 202 209 159 278 288 219
51 55 20 127 133 100 203 211 160 279 289 220
52 56 1 128 134 101 204 212 161 280 290 221
53 57 42 129 136 102 205 213 162 281 202 222
54 58 43 130 137 103 206 214 163 262 293 203
55 60 4 131 138 104 207 216 164 283 204 224
756 61 45 132 139 105 208 217 165 284 295 225 |
57 62 26 133 140 106 209 218 166 285 296 226
58 | OVSS(63) - 134 | OVSS(141) - 210 | OVSS(219) - 286 | OVSS(297) -
[ 59 64 47 135 142 107 211 220 167 287 298 227
60 65 48 136 143 108 212 221 168 288 299 228
61 66 - 137 144 - 213 222 - 289 300 -
62 67 49 138 145 109 214 223 169 290 301 229
MOTOROLA H4CPlus Series Design Reference Guide
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Table 4-27 H4CP109 240 (CU) QFP Pad to Pin Cross Reference

PACKAGING

LEFT RIGHT

DIE Vo /o
PAD CELL PACKAGE CELL PACKAGE

63 68 50 139 146 110 215 224 170 291 302 230
64 69 51 140 147 1 216 225 171 292 303 231
65 70 52 141 148 112 217 226 172 293 304 232
66 71 53 142 149 113 218 227 173 294 305 233
67 72 54 143 150 114 219 228 174 295 306 234
68 73 55 144 151 115 220 229 175 296 307 235
69 74 56 145 152 116 221 230 176 297 308 236
70 75 57 146 153 117 222 231 177 298 309 237
71 76 58 147 154 118 223 232 178 299 310 238
72 77 59 148 155 119 224 233 179 300 311 239
73 78 60 149 156 120 225 234 180 301 312 240
74 OVDD3 - 150 OVDD3 - 226 OvDD3 - 302 OVDD3 -
75 OVDD5 - 151 OVDD5 - 227 OVDD5 - 303 OVDD5 -
76 OVSS - 152 OVSS - 228 OVSS - 304 OVSS -
Notes:

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise.

2.VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die (Array) for probe test.

Rev 1.0 6/18/93 JEB
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PACKAGING

Table 4-28 H4CP109 313 OMPAC Pad to Pin Cross Reference
RIGHT SIDE
DIE PACKAGE

vo Bond | Solde
Cell Finger| Ball

LEFT SIDE
DIE PACKAGE

Die Vo Bond | Solde
Pal Cell Finger| Ball

1] VSS | GND| a VSS | GND| a VS

2| VDD 1 | D4 VDD 139 | Zz23 |230] VDD 208 | D22
3 1 2 | E3 |79 79 BB1 |155] 157 140 | BB25 [231] 235 209 | - C23
2 2 3 | c1 |80 80 75 |156] 158 141 | X23 |232] 236 210 | c21
5 3 a4 | B2 |81 81 BB3 [|157] 159 142 | 725 |233 237 211 | A23
6 2 5 | G5 |8z 82 X7 _|158] 160 143 | v21 |234] 238 212 | E19
7 5 7 | F4 |83 83 Y6 Ji59] 161 145 | W22 |235] 239 214 | D20
8 6 8 | D2 |84 84 AA4 |160] 162 146 | Y24 |236] 240 215 | Be2
9 7 9 | F2 |85 85 AA6 |161] 163 147 | W24 |237] 241 216 | B20
10 8 10 | G3 | 86 86 Z7 |162] 164 148 | V23 |238 242 217 | _C19
11 9 11 | H4 |87 87 ve |163] 165 129 | U2z |239] 243 218 | D18
2] 10 12 | He |88 88 we |164] 166 150 | U20 [240] 244 219 | F18
3] 1 13 | E1 |89 89 BB5 |165| 167 151 | Xx25 241 245 220 | A21
4] 12 14 | J5 | 90 90 X9 |1e6| 168 152 | T21 |2a2] 246 221 | E17
15|OVDD5(13)] PWR| b | 91| OVDD5(91)| PWR| b |167/0VDD5(169) PWR| b |243/OVDD5(247] PWR| b
16| 14 15 | Ke |92 92 84 | W10 |168| 170 153 | S20 |244] 248 222 | F16
7] 15 16 | H2 | 93 93 85 | AA8 |169] 171 154 | U24 |245] 249 223 | B18
18] OVSS(16)| GND| a | 94] OVSS(94) | GND| a [170| OVSS(172)] GND| a |246] OVSS(250)| GND | _a
9] 17 17 | &1 |95 95 8 | BB7 [171] 173 155 | V25 |247] 251 224 | A19
20| 18 18 | L5 |9 96 87 | x11 |172] 174 156 | Rel |248] 252 225 | Ei5
21 19 19 | k& Jo7 97 88 | Y10 [173] 175 157 | S22 J249] 253 226 | D16
22| 20 20 | J3 |98 98 89 | 29 |174] 176 158 | T23 |250] 254 227 | C17
23] 21 21 | K2 | 99 99 90 | AA10 [175] 177 159 | S24 |251] 255 228 | B16
24| 22 22 | K8 [100] 100 91 | uto |176] 178 160 | Si8 |252] 256 229 | H16
25 23 23 | J7 |01 101 92 | v |i77| 179 161 | T19 |253] 257 230 | G17
26| 24 24 | 01 |102] 102 93 | BB9 |178] 180 162 | 125 |254] 258 231 | A17

27| OVSS(25) | GND a_]103] OVSS(104) | GND a 179| OVSS(181)| GND a__ |255{ OVSS(260)| GND a
28 |OVDD5(26)) PWR | b ]104| OVDD5(105) PWR b 180|0VDD5(182) PWR b 256{0VDD5(261) PWR b

29 28 25 L7 §105 106 94 Vi1 181 184 163 R19 1257, 262 232 G15
30 29 26 L3 §106 107 95 Z11 |182 185 164 R23 258 263 233 C15
31 30 27 M4 [107] 109 96 Y12 }183 186 165 P22 1259 265 234 D14
32 31 28 L9 [108] 110 97 T11 |184] 187 166 R17 1260 266 235 Ji5
33 33 29 M6 1109 111 98 W12 §185 189 167 P20 }261 267 236 Fi14
34 34 30 L1 1110 112 99 BB11 }186 190 168 R25 ]262] 268 237 A15
35 35 31 M8 111 113 100 Ui2 §187, 191 169 P18 1263 269 238 H14
36 36 32 M2 1112 115 101 | AA12 188 192 170 P24 1264 271 239 B14
37 38 33 | M10 113 116 102 S12 §189 194 171 P16 265 272 240 K14
38| OVSS(39)| GND a [114/ OVSS(117) | GND a 190| OVSS(195)| GND a 266| OVSS(273)| GND a

39 40 34 N7 1115 118 103 Vi3 }191 196 172 N19 267 274 241 G13
40 41 35 N3 }116 120 104 Z13 }192 197 173 N23 ]268| 276 242 C13
41 42 36 N1 1117 121 105 | BB13 §193 198 174 N25 §269| 277 243 A13
42 44 37 P10 §118| 122 106 S14 3194 200 175 M16 270 278 244 K12
43 45 39 P2 1119 123 108 | AA14 §195 201 177 M24 1271 279 246 B12
44 46 40 P8 1120 124 109 Ui4 }196) 202 178 Mi18 1272 280 247 H12
45 47 41 R1 _j121 126 110 | BB15 ]197| 203 179 L25 §273 282 248 All
46 48 42 P6 122 127 111 W14 }198 204 180 M20 1274 283 249 F12
47 50 43 R9 §123 128 112 Ti15 §199 206 181 L17 275 284 250 Ji1

48 |[OVDD5(51)f PWR | b 124 OVDD5(129)] PWR b 1200/0VDD5(207) PWR b 276{0OVDD5(285) PWR b
49| OVSS(52)| GND a_]125) OVSS(131) | GND a_ 1201] OVSS(208)| GND a_ §277] OVSS(287)| GND a

50 53 44 P4 1126 132 113 Y14 1202 209 182 M22 1278 288 251 D12
51 55 45 R3 }J127] 133 114 Z15 203 211 183 L23 §279 289 252 | Ci1
52 56 46 R7 ]128] 134 115 | V15 ]204 212 184 L19 ]280| 290 253 | G11
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Table 4-28 H4CP109 313 OMPAC Pad to Pin Cross Reference

PACKAGING

LEFT SIDE RIGHT SIDE
DIE PACKAGE DIE PACKAGE
Die| vo Bond | Solde! vo Bond | Solder
Pad Cell Finger| Ball ] Cell Finger| Ball I
53 57 47 T1 }129 136 116 | BB17 205 213 185 J25 281 292 254 A9
54 58 48 S8 | 130 137 117 U16 }206 214 186 K18 ]282 293 255 H10
55 60 49 S2 131 138 118 | AA16 207 216 187 K24 §283 294 256 B10
56 61 50 T7 132 139 119 V17 }208 217 188 J19 284 295 257 G9
57 62 51 T3 {133 140 120 Z17 ]209 218 189 J23 285 296 258 Cc9
58 | OVSS(63)| GND a J134] OVSS(141) | GND a 210| OVSS(219)| GND a 286| OVSS(297)| GND a
59 64 52 S4 1135 142 121 Y16 j211 220 190 K22 ]287 298 259 D10
60 65 53 R5 136 143 122 X15 J212] 221 191 L21 288 299 260 E11
61 66 54 V1 1137 144 123 | BB19 }213 222 192 G25 }289 300 261 A7
62 67 55 U2 §138 145 124 | AA18 }214] 223 193 H24 1290 301 262 B8
63 68 56 S6 139 146 125 Wi6 215 224 194 K20 f291 302 263 F10
64 69 57 T5 }140] 147 126 X17 }216 225 195 J21 292 303 264 E9
65 70 58 X1 141 148 127 BB21 §217 226 196 E25 [293 304 265 A5
66 71 59 U6 142 149 128 W18 218 227 197 H20 §294 305 266 F8
67 72 60 U4 1143 150 129 Y18 j219 228 198 H22 |295 306 267 D8
68 73 61 V3 | 144 151 130 Z19 220 229 199 G23 296 307 268 Cc7
69 74 62 W2 145 152 131 AA20 221 230 200 F24 297 308 269 B6
70 75 64 W4 | 146 153 133 Y20 }222 231 202 F22 298| 309 271 D6
71 76 65 X5 §147] 154 134 X21 §223 232 203 E21 299 310 272 C5
72 77 66 W6 | 148 1565 135 W20 224 233 204 G21 ]300 311 273 E7
73 78 67 Z1 1149 156 136 | BB23 }225 234 205 C25 |301 312 274 A3
74| OVDD3 69 c }150] OVDD3 138 d 226/ OVDD3 207 e 302 OVDD3 276 f
75| OVDD5 | PWR b J151 OVDD5 PWR b 227| OVDD5 PWR b 303] OVDD5 PWR b
76 OVSS GND a }j152 OVSS GND a 228 OVSS GND a 304 QVSss GND a
NOTES:

1. Die Pad/lO-Cell numbers start at top of LEFT side and increment counter-clockwise.

2. Pkg Pin and Bond Finger numbers start at top of LEFT side and increment counter-clockwise.
3.VSS, VDD, OVSS, OVDD3, & OVDDS indicates fixed power and ground pads on the die (Array) for probe test.
4. OVSS & OVDDS in () are power and ground for Final Test and are Package dependent.
5. The following is a cross reference of package dependent Power and Ground Pkg Pin numbers:
PWR: a =J13, K10, K16, L11, L13, L15, M12, M14, N9, N11, N13, N15, N17, P12, P14, R11, R13, R15, S16, T13
ODD3: ¢ = Y2, AA2 d =AA22, AA24 e = A25, B24 f = C3, E5
GND: b =G7, G19, H8, H18, J9, J17, S10, T9, T17, U8, U18, V7, V19.

6. Only OVDDS5 is connected to package PWR pins. VDDis be supplied seperately through I/O package pins.

REV. 1.0 5/11/94 JEB
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PACKAGING

Table 4-29 H4CP109P1 Table 4-29 H4CP109P1
Analog PLL Option 1 Analog PLL Option 1

77 VSS 130 137
78 VDD 131 138
79 AVSS 132 139
80 AVDD 133 140
i 81 79 134 OVSS(141)
82 80 135 142
83 81 136 143
84 82 137 144
85 83 138 145
86 84 139 146
87 85 140 147
88 86 141 148
4 89 87 142 149
90 88 143 150
91 OVDD5(90) 144 151
92 91 145 152
93 92 146 153
94 OVSS(93) 147 154
95 94 148 155
96 96 149 156
97 97 150 0ovDD3
98 98 151 OoVDD5
99 99 152 ovss
100 100
101 101 . .
102 102 Note: Thgs table replaces the BOTTOM side o.f ea}ch
103 OVSS(104) pad to pin table for eaph ar(ay/packgge combination
104 OVDD5(105) when Analog PLL option 1 is used in the H4CP109
105 106 array.
106 107
107 109
108 110
109 111
110 112
111 113
112 115
113 116
114 OVSS(117)
115 118
116 120
117 121
118 122
119 123
120 124
121 126
122 127
123 128
124 OVDD5(129)
125 OVSS(131)
126 132
127 133
128 134
129 136
|
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Table 4-30 H4CP109P2
Analog PLL Option 2

Table 4-30 H4CP109P2
Analog PLL Option 2

PACKAGING

77 VSS 229 VSS 130 (VDD)137 282 (VDD)293
78 VDD 230 VDD 131 138 283 294

79 AVSS 231 AVSS 132 139 284 295

80 AVDD 232 AVDD 133 140 285 296

81 79 233 235 134 OVSS(141) 286 OVSS(297)
82 80 234 236 135 142 287 298
83 81 235 237 136 143 288 299
84 (OVDD5)82 236 (OVDD5)238 137 144 289 300

85 83 237 239 138 145 290 301

86 (OVSS)84 238 (OVSS)240 139 (OVDD5)146 291 (OVDD5)302
87 85 239 241 140 147 292 303

88 86 240 242 141 148 293 304

89 87 241 243 142 149 294 305
90 88 242 244 143 (OVSS)150 295 (OVSS)306
91 OVDD5(90) 243 OVDD5(246) 144 151 296 307

92 91 244 247 145 152 297 308

93 92 245 248 146 153 298 309
94 OVSS(93) 246 0OVSS(249) 147 154 299 310
95 94 247 250 148 155 300 311

96 96 248 252 149 156 301 312
97 97 249 253 150 0OvDD3 302 OVDD3
98 (VSS)98 250 (VSS)254 151 OVDD5 303 OVDD5
99 99 251 255 152 OVSS 304 0ovVss
100 100 252 256

101 101 253 257 Note: This table replaces the BOTTOM and the TOP
102 102 254 258 side of each pad to pin table for each array/package
103 QOVSS(104) 255 QOVSS(260) combination when Analog PLL option 2 is used in the
104 QOVDD5(105) 256 QVDD5(261) H4CP109 array.

105 106 257 262

106 107 258 263

107 109 259 265

108 110 260 266

109 (OVSS)111 261 (OVSS)267

110 112 262 268

111 113 263 269

112 115 264 271

113 116 265 272

114 OVSS(117) 266 0OVSS(273)

115 118 267 274

116 (OVDD5)120 268 (OVDD5)276

117 121 269 277

118 122 270 278

119 123 271 279

120 124 272 280

121 126 273 282

122 127 274 283

123 128 275 284

124 OVDD5(129) 276 OVDD5(285)

125 OVSS(131) 277 0OVSS(287)

126 132 278 288

127 133 279 289

128 134 280 290

129 136 281 292

H4CPlus Series Design Reference Guide
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PACKAGING

OVSsS vDD OVSsSs VSS OVDD5
ovoos ovona vss °VDD5 oVDD5 VSS
ovs 310 \aoo 20 \ 280 60_VSS
VSS1_% LU || lnl II'II 100000000 |[]| 100000000000000000( || 100000000 [ . a0} :408%%05
ovs | ovDD3
S\ 360 340 320 300 280 S 250
' 5_0VSS
OVDD5™ | - 5
2609 5 _OVDD5
205 H4CP146 240
: 20 . . S_-0VSS
OVsS—5; Die Size 438 X 438
308 ” =230
VSS—&| 5—VSs
e VSS (10) VDD (8) z
ovss 4 O_E’ 40 OVSS (24) OVDDS5 (18) ] =5 220
OVDD5— 8 OVDD3 (4) VoD
= (' c— OVDD5
VDD—5 - =
50_: I o210
= 4.8 Mil Linear Pad Pitch (344 Total, 86/Side) g - OVSS
VSS 8 4.0 Mil Linear 1/O Pitch (360 Total, 90/Side) S ss
: 60
605 ' 00
OvSS—3 U d 1/O Si 20 - Ovss
OVDD5 = HEE Unconnecte ites S
3 Rev. 2.0 - 190
8/25/04 . _OVDD5
_OVSS
100 . 120 140 160 180 180
vss E\VDD
000000 IlllllllJIH ([ II 10000000000000000000000L JIJLJ“ JO00 S
90 / /10 i\ frzof /130 140 /150 ovss
ovss ovops © vSs OVSS 0V003 OVDDS
o £2 OVDD5 S¥vbps L-ovss

Figure 4-5 H4CP146 Footprint
Note:
P1 = Analog PLL option 1 (H4CP146P1) bottom left corner only,
see Table 4-34 for I/O to pad configuration
P2 = Analog PLL option 2 (H4CP146P2) bottom left and top right corners,
see Table 4-35 for I/O to pad configuration.
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Table 4-31 H4CP146 160 MicroCool Pad to Pin Cross Reference

PACKAGING

LEFT RIGHT
DIE Vo [/[e}
PAD| CELL CELL PACKAGE
1 VSS VSS -
2 VDD - 88 VDD - 174 VDD -
3 1 40 89 91 160 175 181 120
4 2 39 90 92 159 176 182 119
5 3 38 91 93 158 177 183 118
3 3 37 92 94 157 178 184 117
7 5 - 93 95 - 179 185 -
8 6 36 94 96 156 180 186 116
9 7 35 95 97 155 181 187 115
10 | OVSS(8) - 96 | OVS5(98) B 182 | OVSS(188) B 268 | OVS5(278) -
ikl 9 34 97 99 154 183 189 114 269 279 74
12 10 33 98 100 153 184 190 113 270 280 73
13 | OVDD5(11) - 99 | OVDD5(101) - 185 | OVDD5(197) - 271 | OVDD5(281) -
14 12 - 100 102 - 186 192 - 272 282 -
i5 13 - 101 103 - 187 193 - 273 283 -
16 14 32 102 104 152 188 194 112 274 284 72
7 5 31 103 105 151 189 195 119 275 285 71
18 16 - 104 106 - 190 196 - 276 286 -
19 17 - 105 107 B 191 197 - 277 287 -
20 18 - 106 108 B 192 198 - 278 288 -
21 19 30 107 109 150 193 199 110 279 289 70
22 20 29 108 110 149 194 200 109 280 290 69
23 21 - 109 111 b 195 201 - 281 201 B
24 22 - 110 112 B 196 202 - 282 202 -
25 | OVSS(23) - 111 | OVSS(113) - 197 | OVSS(203) - 283 | OVSS(293) -
26 24 28 112 114 148 198 204 108 284 294 68
27 25 27 113 115 147 199 205 107 285 295 67
28 26 - 14 116 - 200 206 - 286 296 -
29 28 - 115 118 - 201 208 - 287 298 -
30 29 - 116 119 - 202 209 - 288 299 -
31 30 26 117 120 146 203 210 106 289 300 66
32 31 25 118 121 145 204 211 105 290 301 65
33 | VSS(33) - 119 | VS5(123) - 205 | VSS(213) - 201 | VS5(303) -
34 34 - 120 124 - 206 214 - 202 304 -
35 35 24 121 125 144 207 215 104 203 305 64
36 36 23 122 126 143 208 216 103 294 306 63
37 | OVS5(37) - 123 | OVSS(127) - 209 | OVSS(217) - 295 | OVSS(307) -
38 38 - 124 128 - 210 218 - 296 308 -
39 40 - 125 130 - 211 220 - 297 310 -
40 41 22 126 131 142 212 221 102 208 31 62
41 42 21 127 132 141 213 222 101 299 312 61
42 43 - 128 133 - 214 223 - 300 313 -
43 | OVDD5(45) - 129 | OVDD5(135) - 215 | OVDD5(225) - 301 | OVDD5(315) -
44 46 20 130 136 140 216 226 100 302 316 60
45 47 19 131 137 139 217 227 99 303 317 59
46 48 18 132 138 138 218 228 98 304 318 58
47 | VDD(50) E 133 | VDD(140) - 219 | VDD(230) - 305 | VDD(320) -
48 51 - 134 141 : 220 231 - 306 321 -
49 52 - 135 142 - 221 232 - 307 322 -
50 53 17 136 143 137 222 233 97 308 323 57
51 54 16 137 144 136 223 234 96 309 324 56
52 56 - 138 146 - 224 236 - 310 326 -
53 57 - 139 147 - 225 237 B 311 327 -
54 | VSS(58) - 140 [ OVDD5(148) - 226 | VSS(238) - 312 | OVDD5(328) -
55 59 15 141 149 135 227 239 95 313 329 55
56 60 14 142 150 134 228 240 94 314 330 54
57 62 - 143 152 - 229 242 B 315 332 -
58 63 - 144 153 - 230 243 - 316 333 -
59 64 - 145 154 - 231 244 - 317 334 -
60 65 - 146 155 - 232 245 - 318 335 -
61 67 13 147 157 133 233 247 93 319 337 53
62 68 12 148 158 132 234 248 92 320 338 52
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PACKAGING

Table 4-31 H4CP146 160 MicroCool Pad to Pin Cross Reference

LEFT RIGHT
DIE Vo DIE I[e]
pap| CELL PACKAGE PAD CELL PACKAGE
63 | OVSS(69) - SS(159) 235 | OVSS(249) - 321 | OVSS(339) -
64 70 - 150 160 - 236 250 - 322 340 -
65 72 5 151 162 - 237 252 - 323 342 -
66 73 11 152 163 131 238 253 91 324 343 51
67 74 10 153 164 130 239 254 90 325 344 50
768 75 - 154 165 - 240 255 - 326 345 -
769 76 - 155 166 - 241 256 - 327 346 -
70 | OVDD5(77) - 156 | OVDD5(167) - 242 | OVDD5(257) - 328 | OVDD5(347) -
71 78 9 157 168 129 243 258 89 329 348 49
72 79 8 158 169 128 244 259 88 330 349 48
73 | OVSS(80) - 159 | OVSS(170) - 245 | OVSS(260) - 331 | OVSS(350) -
74 81 - 160 171 B 246 261 B 332 351 -
75 82 7 161 172 127 247 262 87 333 352 47
76 83 3 162 173 126 248 263 86 334 353 46
4 77 84 - 163 174 - 249 264 - 335 354 -
78 85 - 164 175 - 250 265 - 336 355 -
79 86 5 165 176 125 251 266 85 337 356 45
80 87 4 166 177 124 252 267 84 338 357 44
81 88 3 167 178 123 253 268 83 339 358 43
82 89 2 168 179 122 254 269 82 340 359 42
83 90 i 169 180 121 255 270 81 341 360 5]
84 | OVDD3 - 170 | OVDD3 - 256 | OVDD3 - 342 | OVDD3 -
85 | OVDD5 - 171| OVDD5 - 257 | OVDD5 - 343 OVDD5 -
l}a? i OVSS - 172 OVSS - 258 OVSS - 344 OVSS -
jotes:

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise.
2. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die for probe test and are array dependent.

Rev 1.0 11/22/93 JEB
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Table 4-32 HA4CP146 208 MicroCool Pad to Pin Cross Reference

PACKAGING

LEFT RIGHT
DIE[ 1O 110
PAD| CELL ceLL |PACKAGE
1 VSS - 87 VSS - 173 VSS - 259 VSS -
2 VDD - 88 VDD - 174 VDD - 260 VDD -
3 1 52 89 91 208 175 181 156 261 271 104
4 2 51 90 92 207 176 182 155 262 272 103
5 3 50 91 93 206 177 183 154 263 273 102
6 4 49 92 94 205 178 184 153 264 274 101
7 5 - 93 95 - 179 185 - 265 275 -
8 6 48 94 96 204 180 186 152 266 276 100
9 7 47 95 97 203 181 187 151 267 277 99
10 OVSS(8) - 96 OVSS(98) - 182 | OVSS(188) - 268 | OVSS(278) -
1 9 46 97 99 202 183 189 150 269 279 98
12 10 45 98 100 201 184 190 149 270 280 97
13 | OVDD5(11) - 99 [ OVDD5(101) - 185 | OVDD5(191) - 271 | OVDD5(281) -
14 12 - 100 102 - 186 192 - 272 282 -
15 13 44 101 103 200 187 193 148 273 283 96
16 14 43 102 104 199 188 194 147 274 284 95
17 15 - 103 105 - 189 195 - 275 285 -
18 16 - 104 106 - 190 196 - 276 286 -
19 17 42 105 107 198 191 197 146 277 287 94
20 18 41 106 108 197 192 198 145 278 288 93
21 19 - 107 109 - 193 199 - 279 289 -
22 20 - 108 110 - 194 200 - 280 290 -
23 21 40 109 111 196 195 201 144 281 291 92
24 22 39 110 112 195 196 202 143 282 292 91
75 | OVSS(E3) - 111 | OVSS(iT3) - 197 | OVSS(203) - 783 | OVSS(293) -
26 24 38 112 114 194 198 204 142 284 294 90
27 25 37 113 115 193 199 205 141 285 295 89
28 26 36 114 116 192 200 206 140 286 296 88
29 28 - 115 118 - 201 208 - 287 298 -
30 29 35 116 119 191 202 209 139 288 299 87
31 30 34 117 120 190 203 210 138 289 300 86
32 31 - 118 121 - 204 211 - 290 301 -
33 VSS(33) - 119 | VSS(123) - 205 VSS(213) - 291 VSS(303) -
34 34 33 120 124 189 206 214 137 292 304 85
35 35 32 121 125 188 207 215 136 293 305 84
36 36 - 122 126 - 208 216 - 294 306 -
37 OVSS(37) - 123 | OVSS(127) - 209 | OVSS(217) - 295 | OVSS(307) -
38 38 31 124 128 187 210 218 135 296 308 83
39 40 30 125 130 186 211 220 134 297 310 82
40 41 - 126 131 - 212 221 - 298 311 -
41 42 29 127 132 185 213 222 133 299 312 81
42 43 28 128 133 184 214 223 132 300 313 80
43 | OVDD5@5) - 759 [OVDD5(135) . 275 | OVDD5(225) - 301 | OVDD5(315) =
44 46 27 130 136 183 216 226 131 302 316 79
45 47 26 131 137 182 217 227 130 303 317 78
46 48 25 132 138 181 218 228 129 304 318 77
47 VDD(50) - 133 | VDD(140) - 219 VDD(230) - 305 | VDD(320) -
48 51 24 134 141 180 220 231 128 306 321 76
49 52 23 135 142 179 221 232 127 307 322 75
50 53 - 136 143 - 222 233 - 308 323 -
51 54 22 137 144 178 223 234 126 309 324 74
52 56 21 138 146 177 224 236 125 310 326 73
53 57 20 139 | 147 176 225 237 124 311 327 72
54 VSS(58) - 140 | OVDD5(148) - 226 VSS(238) - 312 | OVDD5(328) -
55 59 19 141 149 175 227 239 123 313 329 71
56 60 18 142 150 174 228 240 122 314 330 70
57 62 - 143 152 - 229 242 - 315 332 -
58 63 17 144 153 173 230 243 121 316 333 69
59 64 16 145 154 172 231 244 120 317 334 68
60 65 - 146 155 - 232 245 - 318 335 -
61 67 15 147 157 171 233 247 19 319 337 67
62 68 14 148 158 170 234 248 118 320 338 66
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PACKAGING

Table 4-32 H4CP146 208 MicroCool Pad to Pin Cross Reference

LEFT RIGHT
DIE /o] DIE /0
pap| ceLL |PACKAGE pap| ceLL |PACKAGE)
63 | OVSS(69) - 149 | OVSS(159) - 235 | OVSS(249) - 321 | OVSS(339) -
64 70 - 150 160 B 236 250 - 322 340 -
65 72 13 151 162 169 237 252 17 323 342 65
66 73 12 152 163 168 238 253 116 324 343 64
67 74 - 153 164 - 239 254 - 325 344 -
| 68 75 i 154 165 167 240 255 115 326 345 63
69 76 10 155 166 166 241 256 114 307 346 62
70 | OVDD5(77) - 156 | OVDD5(167) - 242 | OVDD5(257) - 328 | OVDD5(347) -
71 78 9 157 168 165 243 258 113 329 348 61
72 79 8 158 169 164 244 259 112 330 349 60
73 | OVSS(80) - 159 | OVSS(170) - 245 | OVSS(260) - 331 | OVSS(350) -
74 81 - 160 171 - 246 261 B 332 351 -
75 82 7 161 172 163 247 262 11 333 352 59
76 83 [3 162 173 162 248 263 110 334 353 58
77 84 - 163 174 - 249 264 - 335 354 -
4 78 85 - 164 175 - 250 265 - 336 355 -
79 86 5 165 176 161 251 266 109 337 356 57
80 87 4 166 177 160 252 267 108 338 357 56
81 88 3 167 178 159 253 268 107 339 358 55
82 89 2 168 179 158 254 269 106 340 359 54
83 90 1 169 180 157 255 270 105 341 360 53
84 | _OVDD3 5 170 | _OVDDa3 - 256 | _OVDDa3 - 342| OVDD3 -
85 | OVDD5 - 171 OVDD5 - 257 | OVDD5 - 343 OVDD5 -
86 OVSS - 172 OVSS - 258 OVSS - 344 OVSS -
Notes:

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise.
2.VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die for probe test and are array dependent.

Rev 1.0 11/22/93 JEB

MOTOROLA H4CPlus Series Design Reference Guide
4-52



Table 4-33 H4CP146 313 OMPAC Pad to Pin Cross Reference

PACKAGING

LEFT SIDE RIGHT SIDE
DIE PACKAGE DIE PACKAGE
Dij O | Bond]|Solde: pie] VO Bond | Solder
Pa Cell |Finger| Ball Pad]  Cell Finger| Ball
1 VSS GND a 87 VSS GND a 173 VSS GND a 259 VSS GND a i
2 VDD 1 D4 ] 88 VDD 70 Z3 174 VDD 139 223 260 VvDD 208 D22 ;
3 1 2 E3 | 89 91 71 BB1 |175 181 140 BB25 261 271 209 Cc23 )
4 2 3 C1 90 92 72 Z5 176 182 141 X23 1262 272 210 c21 !
5 3 4 B2 | 91 93 73 BB3 {177 183 142 225 1263 273 211 A23 :
6 4 5 G5 | 92 94 74 X7 178 184 143 V21 ]264 274 212 E19
7 | (OVDD3)5 6 F6 | 93| (OVDD3)95| 75 Y4 179/(OVDD3)185 144 Y22 }265/(0VDD3)275 213 F20
8 6 7 F4 J 94 96 76 Y6 180 186 145 W22 ]266) 276 214 D20
9 7 8 D2 | 95 97 77 AA4 181 187 146 Y24 |267| 277 215 B22
10| OVSS(8) | GND a 96 | OVSS(98) | GND a 182 OVSS(188)| GND a 268 OVSS(278)| GND a
11 9 9 F2 |97 99 78 AA6 | 183 189 147 W24 1269 279 216 B20
12 10 10 G3 |98 100 79 z7 184 190 148 v23 270 280 217 C19
13|ovbps(11) PWR| b | 99]ovpps(101) PWR| b [185{ovDD5(191) PWR| b [271|OvDD5(281) PWR b
14 12 11 H4 100 102 80 Y8 |186) 192 149 U22 272 282 218 D18
15 13 12 | H6 j101 103 81 wg |187 193 150 U20 273 283 219 F18
16 14 13 E1 (102 104 82 BB5 [188 194 151 X25 1274 284 220 A21
17 15 14 | J5 [103 105 83 X9 [189] 195 152 | 121 fo75| 285 221 | E17
18| (OVSS)16| GND a [104| (OVSS)106| GND a 190| (OVSS)196| GND a 276) (OVSS)286| GND a
19 17 15 K6 ]105| 107 84 W10 §191 197 153 S20 277, 287 222 F16
20 18 16 H2 }106| 108 85 AA8 192 198 154 U24 278 288 223 B18
21 19 17 G1 ]107] 109 86 BB7 | 193] 199 155 V25 279 289 224 A19
22 20 18 L5 §108 110 87 X11 194 200 156 R21 [ 280 290 225 E15
23 21 19 K4 109 111 88 Y10 195 201 157 S22 j281 291 226 D16
24 22 20 J3 110! 112 89 Z9 196 202 158 T23 §282 292 227 C17
25| OVSS(23)| GND a f111] OVSS(113)| GND a 197| OVSS(203)| GND a 283| OVSS(293)| GND a
26 24 | 2 K2 1112 114 90 AA10 {198, 204 159 S24 |284 294 228 B16
27 25 22 K8 113 115 91 U10 §199 205 160 S18 [285 295 229 H16
28 26 23 J7 114 116 92 V9 §200 206 161 T19 ]286 296 230 G17
29 [(OVDD5)28 PWR b 115/(OVDD5)118 PWR b 201/(OVDD5)208 PWR b 287|(OVDD5)298 PWR b
30 29 24 |01 J1e] 119 93 | BB9 J202] 209 162 | 125 [288] 299 231 | A7
31 30 25 L7 J117 120 94 Vi1 §203 210 163 R19 [|289 300 232 G15
32 31 26 L3 118 121 95 Z11 204 211 164 R23 [|290 301 233 C15
33| VSS(33) | GND a J119] VSS§(123) | GND a 205 VSS(213) | GND a 291 VSS(303) | GND a
34 34 27 M4 120 124 96 Y12 J206 214 165 P22 292 304 234 D14
35 35 28 L9 j121 125 97 T11 §207] 215 166 R17 §293, 305 235 J15
36 36 29 M6 |122 126 98 W12 208 216 167 P20 §294 306 236 F14
37| OVSS(37)| GND a 123| OVSS(127)| GND a 209| OVSS(217){ GND a 295/ OVSS(307)| GND a
38 38 30 L1 124 128 99 BB11 J210, 218 168 R25 ]296 308 237 A15
39 40 31 M8 | 125 130 100 Ui12 j211 220 169 P18 297 310 238 H14
40 41 32 M2 ]126| 131 101 AA12 J212 221 170 P24 ]298 311 239 B14
41 42 33 M10 } 127 132 102 S12 J213 222 171 P16 299 312 240 K14
42 43 34 N7 }128 133 103 V13 j214 223 172 N19 ]300 313 241 G13
43 |OVDD5(45)] PWR b ]129{0OVDD5(135) PWR b 215|0VDD5(225) PWR b 301]OVDD5(315] PWR b
44 46 35 N3 }130 136 104 213 216 226 173 N23 }302 316 242 C13
45 47 36 N1 §131 137 105 | BB13 J217 227 174 N25 {303 317 243 A13
46 48 37 P10 §132 138 106 S14 ]218 228 175 M16 | 304 "318 244 K12
47| VDD(50) 38 N5 ]133] VDD(140) 107 X13 [219] vDD(230) 176 N21 | 305/ VDD(320) 245 E13
48 51 39 P2 {134 141 108 AA14 220 231 177 M24 306 321 246 B12
49 52 40 P8 {135 142 109 U14 J221 232 178 M18 ]307| 322 247 H12
50 53 41 R1 §136 143 110 BB15 222 233 179 L25 }308 323 248 A1l
51 54 42 P6 137 144 111 W14 1223 234 180 M20 |} 309 324 249 F12
52 56 43 R9 ]138 146 112 T15 J224 236 181 L17 }310 326 250 J11
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PACKAGING

Table 4-33 H4CP146 313 OMPAC Pad to Pin Cross Reference

LEFT SIDE RIGHT SIDE

DIE PACKAGE DIE PACKAGE
Die| vo Bond | Solde vo Bond | Solder
Pa Cell |Finger| Ball Cell Finger| Ball |l
53 57 44 P4 §139 147 113 | Y14 }225 237 182 | M22 }311 327 251 D12
54| VSS(58) | GND | a ]140,0VDD5(148) PWR b §226] VSS(238) | GND a_ ]312)0vDD5(328) PWR b
55 59 45 R3 141 149 114 | 215 J227 239 183 | L23 }313 329 252 | Ci1
56 60 46 R7 ]142 150 115 | V15 |228 240 184 | L19 314 330 253 | G11
57| (OVSS)62| GND | a ]143| (OVSS)152| GND a_ J229| (OVSS)242| GND a_ |315| (OVSS)332| GND a
58 63 47 T1 144 153 116 | BB17 230 243 185 | J25 316 333 254 A9
59 64 48 S8 ] 145 154 117 | U1ée J231 244 186 | K18 |317 334 255 | H10
60 |(OVDD5)65 PWR | b }146|(OVDD5)155 PWR b J232|(0OVDD5)245 PWR b ]318|(OVDD5)335 PWR b
61 67 49 S2_§147, 157 118 | AA16 233 247 187 | K24 }319 337 256 B10
62 68 50 T7_§148 158 119 | V17 }234 248 188 | J19 ]320 338 257 G9
63| OVSS(69)| GND | a 149 OVSS(159)| GND a  J235| OVSS(249)| GND a_ §321) OVSS(339)| GND a
64 70 51 T3 ]150 160 120 | 217 236 250 189 | J23 322 340 258 C9
65 72 52 S4 |151 162 121 | Y16 §237 252 190 | K22 1323 342 259 D10
66 73 53 R5 ]152 163 122 | X15 }238 253 191 L21 1324 343 260 E11
67 74 54 | V1 J153 164 123 | BB19 }239 254 192 | G25 325 344 261 A7
68 75 55 U2 154 165 124 | AA18 J240 255 193 | H24 }326 345 262 B8
69 76 56 S6 ] 155 166 125 | W16 J241 256 194 | K20 §327 346 263 F10
70 |OVDD5(77)) PWR| b ]156|OVDD5(167) PWR b J242|0OVDD5(257) PWR b ] 328/0OVDD5(347) PWR b
7 78 57 T5 }157] 168 126 | X17 ]243 258 195 | J21 ]329 348 264 E9
72 79 58 X1 ]158 169 127 | BB21 244 259 196 | E25 ]330 349 265 A5
73| OVSS(80)| GND | a J159| OVSS(170)| GND a_ ]245) OVSS(260)| GND a_ }331) OVSS(350)| GND a
74 81 59 U6 160 171 128 | W18 |246 261 197 | H20 }332 351 266 F8
75 82 60 U4 ]161 172 129 | Y18 }247 262 198 | H22 {333 352 267 D8
76 83 61 V3 162 173 130 | Z19 }248 263 199 | G23 |334 353 268 c7
77 84 62 | W2 ]163 174 131 | AA20 J249 264 200 | F24 335 354 269 B6
78| (vDD)85 | 63 V5 ]164] (VDD)175 | 132 | X19 J250| (VDD)265 | 201 | D24 |336| (VDD)355 | 270 B4
79 86 64 | W4 1165 176 133 | Y20 |251 266 202 | F22 1337 356 271 D6
80 87 65 X5 1166 177 134 | X21 252 267 203 | E21 1338 357 272 C5
81 88 66 | W6 ]167] 178 135 | W20 }253 268 204 | G21 1339 358 273 E7
82 89 67 Z1 }168 179 136 | BB23 254 269 205 | C25 ]340 359 274 A3
83 90 68 X3 169 180 137 | Z21 }255 270 206 | E23 |341 360 275 Al
84| OVDD3 | 69 c_ 170, ovDD3 138 d J256] OvDD3 | 207 e 342 OVDD3 | 276 f
85| OVDD5 | PWR|[ b J171] OVDD5 | PWR b 2571 OVDD5 | PWR b 1343 OVDD5 | PWR b
86| OVSS | GND| a J172] OVSS GND a_]258 Ovss GND a_ ]344] oOvss GND a

NOTES:

1. Die Pad/IO-Cell numbers start at top of LEFT side and increment counter-clockwise.

2. Pkg Pin and Bond Finger numbers start at top of ieft side and increment counter-clockwise.

3. VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die (Array) for probe test.
4. OVSS & OVDDS5 in () are power and ground for Final Test and are Package dependent

5. The following is a cross reference of package dependent Power and Ground Pkg Pin numbers:

GND: a=J13, K10, K16, L11, L13, L15, M12, M14, N9, N11, N13, N15, N17, P12, P14, R11, R13, R15, S16, T13
OVDD3: ¢ = Y2, AA2 d = AA22, AA24 e = A25, B24 f = C3, E5

PWR: b =G7, G19, H8, H18, 49, J17, S10, T9, T17, U8, U18, V7, V19

6. Only OVDDS is connected to package PWR pins.

Rev. 1.0 5/11/94 JEB
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PACKAGING

Table 4-34 H4CP146P1 Table 4-34 H4CP146P1
Analog PLL Option 1 Analog PLL Option 1

87 VSS 139 147

88 VDD 140 OVDD5(148)
89 AVSS 141 149
90 AVDD 142 150
91 91 143 152
92 92 144 153
93 93 145 154
94 94 146 155
95 95 147 157
96 OVSS(96) 148 158
97 97 149 OVSS(159)
98 99 150 160
99 OVDD5(100) 151 162
100 101 152 163
101 102 153 164
102 104 154 165
103 105 155 166
104 106 156 OVDD5(167)
105 107 157 168
106 108 158 169
107 109 159 OVSS(170)
108 110 160 174
109 111 161 172
110 112 162 173
111 OVSS(113) 163 174
112 114 164 175
113 115 165 176
114 116 166 177
115 118 167 178
116 119 168 179
117 120 169 180
118 121 170 ovDD3
119 VSS(123) 171 OVDD5
120 124 172 ovSs
121 125
122 126 Note: This table replaces the BOTTOM side of
123 ovss(127) each pad to pin table for each array/package com-
124 128 bination when Analog PLL option 1 is used in the
125 130 H4CP146 array.
126 131
127 132
128 133
129 OVDD5(135)
130 136,
131 137
132 138
133 VDD(140)
134 141
135 142
136 143
137 144
138 146
-
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PACKAGING

Table 4-35 H4CP146P2 Table 4-35 H4CP146P2
Analog PLL Option 2 Analog PLL Option 2

87 VSS 259 VSS 138 146 310 326
88 VDD 260 VDD 139 147 311 327
89 AVSS 261 AVSS 140 | OvDD5(148) | 312 OVDD5(328)
| 90 AVDD 262 AVDD 141 149 313 329
91 91 263 271 142 150 314 330
92 92 264 272 143 152 315 332
93 93 265 273 144 153 316 333
94 94 266 274 145 154 317 334
95 95 267 275 146 155 318 335
96 OVSS(96) 268 0VSS(276) 147 157 319 337
97 97 269 277 148 158 320 338
4 98 99 270 279 149 OVSS(159) 321 OVSS(339)
99 QVDD5(100) | 271 OVDD5(280) 150 160 322 340
100 101 272 281 151 162 323 342
101 102 273 282 152 163 324 343
102 104 274 284 153 164 325 344
103 105 275 285 154 165 326 345
104 106 276 286 155 166 327 346
105 107 277 287 156 | OvDD5(167) | 328 OVDD5(347)
106 108 278 288 157 168 329 348
107 109 279 289 158 169 330 349
108 110 280 290 159 QVSS(170) 331 OVSS(350)
109 111 281 291 160 171 332 351
110 112 282 292 161 172 333 352
111 OVSS(113) 283 OVSS(293) 162 173 334 353
112 114 284 294 163 174 335 354
113 115 285 205 164 175 336 355
114 116 286 296 165 176 337 356
115 118 287 298 166 177 338 357
116 119 288 299 167 178 339 358
117 120 289 300 168 179 340 359
118 121 290 301 169 180 341 360
119 VSS(123) 291 VSS(303) 170 OVDD3 342 0OvDD3
120 124 292 304 171 OVDD5 343 OVDD5
121 125 293 305 172 QVSS 344 ovVsS
122 126 294 306
}23 ovs;igzn ggg ovssigson Note: This table replaces the BOTTOM and the TOP
125 130 297 310 side of each pad to pin table for each array/pac_:kage
126 131 208 311 combination when Analog PLL option 2 is used in the
127 132 299 312 H4CP146 array.
128 133 300 313
129 | ovDD5(135) | 301 OVDD5(315)
130 136 302 316
131 137 303 317
132 138 304 318
133 VDD(140) 305 VDD(320)
134 141 306 321
135 142 307 322
136 143 308 323
137 144 309 324
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Figure 4-6 H4CP178 Footprint

Note:

P1 = Analog PLL option 1 (H4CP178P1) bottom left corner only,
see Table 4-39 for /O to pad configuration.

P2 = Analog PLL option 2 (H4CP178P2) bottom left and top right corners,
see Table 4-40 for I/O to pad configuration.
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PACKAGING

Table 4-36 H4CP178 160 MicroCool Pad to Pin Cross Reference

LEFT RIGHT
DIE ’o 1o}
PAD| CELL ceLL |PACKAGE
1 VSS - 95 | VSs - 189 VSS - 283 VSS -
2 VDD - 96 VDD - 190 VDD - 284 VDD -
3 1 40 97 101 160 191 201 120 285 301 80
4 2 39 98 102 159 192 202 119 286 302 79
5 3 38 99 103 158 193 203 118 287 303 78
6 4 37 100 104 157 194 204 117 288 304 77
7 5 36 101 105 156 195 205 116 289 305 76
8 6 - 102 106 - 196 206 - 290 306 -
9 7 - 103 107 - 197 207 - 291 307 -
10 8 - 104 108 - 198 208 - 292 308 -
11 9 35 105 109 155 199 209 115 293 309 75
12 10 34 106 110 154 200 210 114 294 310 74
13 1" - 107 111 - 201 211 - 295 311 -
14 12 - 108 112 - 202 212 - 296 312 -
i5 13 - 109 113 - 203 213 - 297 313 -
4 16 | OVSS(id) - 110 | OVSS(114) B 204 | OVSS(214) B 298 | OVSS(314) -
17 15 33 111 115 153 205 215 113 299 315 73
18 16 32 112 116 152 206 216 112 300 316 72
19 17 - 113 117 - 207 217 - 301 317 -
20 | OVDD5(18) - 114 [ OVDD5(118) - 208 | OVDD5(218) - 302 | OVDD5(318) -
21 19 31 115 119 151 209 219 111 303 319 71
22 20 30 116 120 150 210 220 110 304 320 70
23 21 - 117 121 - 211 221 - 305 321 -
24 22 - 118 122 - 212 222 - 306 322 -
25 23 - 119 123 - 213 223 - 307 323 -
26 24 29 120 124 149 214 224 109 308 324 69
| 27 25 28 121 125 148 215 225 108 309 325 68
28 27 - 122 127 - 216 227 - 310 327 -
29 | OVSS(28) - 123 | OVSS(128) - 217 | OVSS(228) - 311 | OVSS(328) B
30 29 - 124 129 - 218 229 - 312 329 -
31 30 27 125 130 147 219 230 107 313 330 67
32 31 26 126 131 146 220 231 106 314 331 66
33 33 - 127 133 - 221 233 - 315 333 -
34 | VSS(34) - 128 | VSS(134) N 222 | VSS(234) - 316 | VS5(334) -
35 35 - 129 135 - 223 235 - 317 335 -
36 36 25 130 136 145 224 236 105 318 336 65
| 87 37 24 131 137 144 225 237 104 319 337 64
38 39 - 132 139 - 226 239 - 320 339 -
39 | OVDD5(40) - 133 | OVDD5(140) - 227 | OVDD5(240) - 321 | OVDD5(340) -
40 41 23 134 141 143 228 241 103 322 341 63
41 42 22 135 142 142 229 242 102 323 342 62
42 | OVSS(43) - 136 | OVSS(143) - 230 | OVSS(243) - 324 | OVSS(343) -
43 45 - 137 145 - 231 245 - 325 345 -
44 46 - 138 146 - 232 246 - 326 346 -
45 47 21 139 147 141 233 247 101 327 347 61
46 48 20 140 148 140 234 248 100 328 348 60
47 50 - 141 150 - 235 250 - 329 350 -
48 VDD(51) - 142 | VDD(151) - 236 | VDD(251) - 330 | VDD(351) -
49 52 - 143 152 - 237 252 - 331 352 -
50 53 - 144 153 - 238 253 - 332 353 -
51 55 19 145 155 139 239 255 99 333 355 59
52 56 18 146 156 138 240 256 98 334 356 58
53 57 17 147 157 137 241 257 97 335 357 57
54 | OVSS(58) - 148 ] OVSS(158) - 242 | OVSS(258) - 336 | OVSS(358) -
55 59 - 149 159 - 243 259 - 337 359 -
56 61 - 150 161 - 244 261 - 338 361 -
57 | OVDD5(62) - 151 | OVDD5(162) - 245 | OVDD5(262) - 339 | OVDD5(362) -
| 58 63 16 152 163 136 246 263 96 340 363 56
59 64 15 153 164 135 247 264 95 341 364 55
60 65 - 154 165 - 248 265 - 342 365 -
61 67 - 155 167 - 249 267 - 343 367 -
62 VSS(68) - 156 | VSS(168) - 250 | VSS(268) - 344 | VSS(368) -
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Table 4-36 H4CP178 160 MicroCool Pad to Pin Cross Reference

PACKAGING

LEFT RIGHT

DIE Vo 1’0

pap| CELL PACKAGE CELL PACKAGE

63 69 14 157 169 134 251 269 94 345 369 54
64 70 13 158 170 133 252 270 93 346 370 53
65 72 - 159 172 - 253 272 - 347 372 -
66 73 - 160 173 - 254 273 - 348 373 -
67 | OVSS(74) - 161 | OVSS(174) - 255 | OVSS(274) - 349 | OVSS(374) -
768 75 - 162 175 - 256 275 - 350 375 -
69 77 12 163 177 132 257 277 92 351 377 52
70 78 11 164 178 131 258 278 91 352 378 51
71 79 - 165 179 - 259 279 - 353 379 s
72 80 - 166 180 - 260 280 5 354 380 -
73 81 10 167 181 130 261 281 90 355 381 50
74 82 9 168 182 129 262 282 89 356 382 49
75 84 - 169 184 - 263 - 357 384 -
76 | OVDD5(85) B 170 | OVDD5(185) B 264 | OVDD5(285) s 358 | OVDD5(385) -
77 86 B 171 186 . 265 286 - 359 386 -
78 87 8 172 187 128 266 287 88 360 387 48
79 88 7 173 188 127 267 288 87 361 388 47
80 | OVSS(89) - 174 | OVSS(189) - 268 | OVSS(289) - 362 | OVSS(389) -
81 90 B 175 190 s 269 290 s 363 390 -
82 91 - 176 191 - 270 291 - 364 391 -
83 92 6 177 192 126 271 202 86 365 392 46
84 93 5 178 193 125 272 293 85 366 393 45
85 94 - 179 194 5 273 204 - 367 394 -
86 95 - 180 195 z 274 295 s 368 395 -
87 96 - 181 196 - 275 296 - 369 396 B
88 97 4 182 197 124 276 297 84 370 397 44
89 98 3 183 198 123 277 208 83 371 398 43
90 99 2 184 199 122 278 299 82 372 399 42
91 100 1 185 200 121 279 300 81 373 400 41
92 | OvVDD3 - 186 | OVDDa s 280 OVDD3 - 374 OVDD3 -
93 | OvDD5 - 187 | OVDD5 - 281| OVDD5 - 375| OVDD5 -
94 OVSS - 188 OVSS_ - 262 OVSS Z 376 OVSS -
Notes:

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise.
2.VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die for probe test and are array dependent.
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PACKAGING

Table 4-37 H4CP178 208 MicroCool Pad to Pin Cross Reference

LEFT RIGHT
DIE Vo /0
PAD| CELL CELL
1 VSS - 95 VSS - 189 VSS - 283 VSS -
2 VDD - 96 VDD - 190 VDD - 284 VDD -
3 1 52 97 101 208 191 201 156 285 301 104
4 2 51 98 102 207 192 202 155 286 302 103
5 3 50 99 103 206 193 203 154 287 303 102
6 4 49 100 104 205 194 204 153 288 304 101
7 5 - 101 105 - 195 205 - 289 305 -
8 6 - 102 106 - 196 206 B 290 306 -
9 7 48 103 107 204 197 207 152 291 307 100
10 8 47 104 108 203 198 208 151 292 308 99
1 9 - 105 109 - 199 209 - 293 309 -
12 10 - 106 110 - 200 210 - 294 310 -
13 11 - 107 i - 201 211 - 295 311 -
14 12 46 108 112 202 202 212 150 296 312 98
15 13 45 109 113 201 203 213 149 297 313 97
4 16 | OVSS(14) - 110 | OVSS(114) - 204 | OVSS(214) - 298 | OVSS(314) -
17 15 - 17 115 - 205 215 - 299 315 -
18 16 44 112 116 200 206 216 148 300 316 96
19 17 43 113 117 199 207 217 147 301 317 95
20 | OVDD5(18) - 114 | OVDD5(118) - 208 | OVDD5(218) - 302 | OVDD5(318) -
21 19 42 115 119 198 209 219 146 303 319 94
22 20 41 116 120 197 210 220 145 304 320 93
23 21 - 117 121 - 211 221 - 305 321 -
24 22 40 118 122 196 212 222 144 306 322 92
25 23 39 119 123 195 213 223 143 307 323 91
26 24 - 120 124 - 214 224 - 308 324 -
27 25 38 121 125 194 215 225 142 309 325 90
28 27 37 122 127 193 216 227 141 310 327 89
29 | OVS5(28) - 123 | OVSS(128) - 217 | OVSS(228) - 311 [ OVSS(328) -
30 29 - 124 129 - 218 229 - 312 329 -
31 30 36 125 130 192 219 230 140 313 330 88
32 31 35 126 131 191 220 231 139 314 331 87
33 33 - 127 133 - 221 233 - 315 333 -
34 | VSS(34) 5 128 | VSS(134) - 222 | VSS(234) S 316 | VSS(334) -
35 35 - 129 135 - 223 235 - 317 335 -
36 36 34 130 136 190 224 236 138 318 336 86
37 37 33 131 137 189 225 237 137 319 337 85
38 39 - 132 139 - 226 239 - 320 339 -
39 | OVDD5(40) - 133 | OVDD5(140) - 227 | OVDD5(240) - 321 | OVDD5(340) -
40 A 32 134 141 188 228 241 136 322 341 84
41 42 31 135 142 187 229 242 135 323 342 83
42 | OVSS(43) 5 136 | OVSS(143) 5 230 | OVSS(243) - 304 | OVSS(343) -
43 45 30 137 145 186 231 245 134 325 345 82
44 46 29 138 146 185 232 246 133 326 346 81
45 47 28 139 147 184 233 247 132 327 347 80
46 48 27 140 148 183 234 248 131 328 348 79
47 50 - 141 150 - 235 250 - 329 350 -
48 VDD(51) - 142 | VDD(151) - 236 | VDD(251) - 330 | VDD(351) -
49 52 26 143 152 182 237 252 130 331 352 78
50 53 25 144 153 181 238 253 129 332 353 77
51 55 - 145 155 - 239 255 - 333 355 -
52 56 24 146 156 180 240 256 128 334 356 76
53 57 23 147 157 179 241 257 127 335 357 75
54 | OVSS(58) - 148 | OVSS(158) - 242 | OVSS(258) - 336 | OVSS(358) -
55 59 22 149 159 178 243 259 126 337 359 74
56 61 21 150 161 177 244 261 125 338 361 73
ﬁ OVDD5(62) - 151 | OVDD5(162) - 245 | OVDD5(262) - 339 | OVDD5(362) -
58 63 - 152 163 - 246 263 - 340 363 -
J_E) 64 20 153 164 176 247 264 124 341 364 72
60 65 19 154 165 175 248 265 123 342 365 71
61 67 - 155 167 - 249 267 - 343 367 -
62 VSS(68) - 156 | VSS(168) - 250 | VSS(268) - 344 | VSS(368) -
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Table 4-37 H4CP178 208 MicroCool Pad to Pin Cross Reference

PACKAGING

LEFT RIGHT
DIE [/[e] [/[e}
PAD| CELL PACKAGE : CELL PACKAGE _}
63 69 18 157 169 174 251 269 122 345 369 70
64 70 17 158 170 173 252 270 121 346 370 69
65 72 16 159 172 172 253 272 120 347 372 68
66 73 15 160 173 171 254 273 119 348 373 67
[ 67 | OVSS(74) - 161 | OVSS(174) - 255 | OVSS(274) - 349 | OVSS(374) -
68 75 - 162 175 B 256 275 - 350 375 -
9 77 14 163 177 170 257 277 118 351 377 66
70 78 13 164 178 169 | 258 278 117 352 378 65
71 79 B 165 179 - 259 279 - 353 379 -
72 80 B 166 180 - 260 280 - 354 380 -
73 81 12 167 181 168 261 281 116 355 381 64
74 82 ik 168 182 167 262 282 115 356 382 63
75 84 - 169 184 - 263 284 - 357 384 -
776 | OVDD5(85) - 170 | OVDD5(185) - 264 | OVDD5(285) B 358 | OVDD5(385) -
77 86 10 171 186 166 265 286 114 359 386 62
78 87 9 172 187 165 266 287 113 360 387 61
79 88 - 173 188 - 267 288 - 361 388 -
780 | OVSS(89) - 174 | OVSS(189) - 268 | OVSS5(289) - 362 | OVS5(389) -
81 90 8 175 190 164 269 290 112 363 390 60
82 91 7 176 191 163 270 291 111 364 391 59
83 92 - 177 192 - 271 292 - 365 392 -
84 93 3 178 193 162 272 293 110 366 393 58
85 94 5 179 194 161 273 294 109 367 394 57
86 95 - 180 195 - 274 295 - 368 395 -
87 96 - 181 196 - 275 296 - 369 396 -
88 97 3 182 197 160 276 297 108 370 397 56
89 98 3 183 198 159 277 298 107 371 398 55
90 99 2 184 199 158 278 209 106 372 399 54
91 100 1 185 200 157 279 300 105 373 400 53
92 | OvDD3 - 186 | OVDD3 - 280 | OVDD3 - 374| OVDD3 -
93 | OVDD5 - 187 | OVDD5 - 281] OVDD5 - 375| OVDD5 -
94 OVSS - 188 OVSS - 282 | OVSS - 376 OVSS B
Notes:

1. Die pad/cell and Package numbers start at top of LEFT side and increment counter-clockwise.
2.VSS, VDD, OVSS, OVDD3 and OVDD5 indicate fixed power and ground pads on the die for probe test and are array dependent.
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PACKAGING

Table 4-38 H4CP178 313 OMPAC Pad to Pin Cross Reference

RIGHT SIDE
DIE PACKAGE

vo Bond | Solder
Cell Finger| Ball

LEFT SIDE
DIE PACKAGE

Die vo Bond | Solde
Pad Cell Finger| Ball

1 VSS GND a 19 VSS VSS GND a 83| VSS a
2 VDD 1 D4 | 96 VDD 7 Z3 1190 VDD 141 Z23 1284 VDD 211 D22
3 1 2 E3 |97 101 72 BB1 jJ191 201 142 | BB25 285 301 212 Cc23
4 2 3 C1 98 102 73 Z5 1192 202 143 X23 286 302 213 Cc21
5 3 4 B2 |99 103 74 BB3 1193 203 144 Z25 ]287 303 214 A23
6 4 5 G5 §100 104 75 X7 1194 204 145 V21 1288 304 215 E19
7 5 6 F6 J101 105 76 Y4 1195 205 146 Y22 1289 305 216 F20
8 | (OVSS)6 | GND a_ 102 (OVSS)106 | GND a  ]196| (OVSS)206| GND a_ ]290] (OVSS)306| GND a
9 7 7 F4 §103 107 77 Y6 197 207 147 | W22 291 307 217 D20
10 8 8 D2 1104 108 78 AA4 1198 208 148 Y24 1292 308 218 B22
11 9 9 F2 105 109 79 AA6 1199 209 149 | W24 1293 309 219 B20
12 10 10 G3 ]106] 110 80 Z7 _]200] 210 150 V23 1294 310 220 C19
13 11 - - 1107 111 - - 201 211 - - 295 311 - -
14 12 11 H4 1108| 112 81 Y8 202 212 151 U22 1296 312 221 D18
15 13 12 H6 ]109| 113 82 w8 203 213 152 U20 1297 313 222 F18
16 | OVSS(14) | GND a_ J110] OVSS(114)| GND a__J204] Ovss(214)| GND a_ ]298 OVSS(314)| GND a
17 15 13 E1 111 115 83 BB5 205 215 153 X25 1299 315 223 A21
18 16 14 J5 112 116 84 X9 ]206] 216 154 T21 §300 316 224 E17
19 17 15 K6 1113 117 85 W10 207 217 156 S20 j301 317 225 F16
20 |OVDD5(18)] PWR b ]114[OVDD5(118)] PWR b J208[OVDD5(218) PWR b §302/0VDD5(318) PWR b
21 19 16 H2 J115 119 86 AA8 1209 219 156 U24 1303 319 226 B18
22 20 17 G1_J116 120 87 BB7 1210 220 157 V25 1304 320 227 A19
23| (vDD)21 18 L5 §117| (vDD)121 88 X11_§211] (vDD)221 | 158 R21 §305| (VDD)321 | 228 E15
24 22 19 K4 1118 122 89 Y10 }212] 222 159 $22 ]306) 322 229 D16
25 23 20 J3 119 123 90 Z9 1213 223 160 T23 }307 323 230 Ci17
26 24 21 K2 1120 124 91 AA10 214 224 161 S24 1308 324 231 B16
27 25 22 K8 p121 125 92 U10 §215| 225 162 S18 1309 325 232 H16
28 27 23 J7_ {122 127 93 V9 1216 227 163 T19 310 327 233 G17

29| OVSS(28) | GND a_1123| OVSS(128) | GND a_ ]217| OVSS(228) | GND a_ ]311] OVSS(328)| GND a

30 [(OVDD3)29 24 J1 1124/ (OVDD3)129] 94 BB9 J218{(OVDD3)229 164 T25 ]312/(OVDD3)329 234 A17
31 30 25 L7 }125] 130 95 Vi1 J219 230 165 R19 | 313 330 235 G15
32 31 26 L3 |126| 131 96 Z11 220 231 166 R23 | 314 331 236 C15
33 33 27 M4 1127 133 97 Y12 j221 233 167 P22 1315 333 237 D14
34| VSS(34) | GND a }128] VSS(134) | GND a J222] VSS(234) | GND a 316[ VSS(334) | GND a
35 35 - - 129 135 - - 223 235 - - 317 335 - -
36 36 28 L9 }130 136 98 T11 224 236 168 R17 1318 336 238 J15
37 37 29 M6 }131 137 99 W12 |225 237 169 P20 }319 337 239 F14
38 39 - - 132 139 - - 226 239 - - 320 339 - -
39 |OVDD5(40)] PWR b} 133]OVDD5(140); PWR b 227|0VDD5(240) PWR b 321|OVDD5(340) PWR b
40 4 30 L1 ]134 141 100 | BB11 §228 241 170 R25 |322 341 240 A15
41 42 31 M8 135 142 101 U12 229 242 171 P18 1323 342 241 H14
42| OVSS(43)| GND a_ ]136] OVSS(143) | GND a 230 OVSS(243)| GND a 324 OVSS(343)| GND a
43 45 32 | M2 137 145 102 | AA12 231 245 172 | P24 |325 345 242 | B14
44 46 33 M10 | 138, 146 103 S12 ]232 246 173 P16 |326| 346 243 K14
45 47 34 N7 1139 147 104 V13 }233 247 174 N19 }327 347 244 G13
46 48 35 N3 | 140 148 105 Z13 234 248 175 N23 }328 348 245 C13
47 [(OVDD5)500 PWR b |141{(OVDD5)150{ PWR b 235|(OVDD5)2500 PWR b 329)(0VDD5)3500 PWR b
48| VDD(51) - - 142 VDD(151) - - 236] VDD(251) - - 330] VDD(351) - -
49 52 36 N1 {143 152 106 | BB13 ]237, 252 176 | N25 }331 352 246 | A13
50 53 37 P10 | 144 153 107 S14 238 253 177 M16 }332] 353 247 K12
51 55 38 M5 145 155 108 X13 }239 255 178 N21 333 355 248 E13
52 56 39 P2 1146 156 109 | AA14 |240 256 179 | M24 ]334 356 249 B12
53 57 40 P8 147 157 110 U14 J241 257 180 M18 ]335 357 250 H12
|
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Table 4-38 H4CP178 313 OMPAC Pad to Pin Cross Reference

PACKAGING

LEFT SIDE RIGHT SIDE
DIE PACKAGE DIE PACKAGE
Dizl Vo | Bond|Solde Die vo Bond | Solder
Pa Cell Finger| Ball Pa Cell Finger| Ball
54 | OVSS(58) | GND a ] 148 OVSS(158) | GND a 242} OVSS(258)| GND a 336| OVSS(358)| GND a
55 59 41 R1 |149 159 111 | BB15 |243] 259 181 L25 ]337] 359 251 A1
56 61 42 P6 J150 161 112 W14 244 261 182 M20 338 361 252 F12
57 |[OVDD5(62)] PWR b 151 OVDD5(162)] PWR b 245/0VDD5(262) PWR b 339/0OVDD5(362) PWR b
58 63 43 R9 §152 163 113 T15 | 246 263 183 L17 §340] 363 253 J11
59 64 44 P4 153 164 114 Y14 |247 264 184 M22 341 364 254 D12
60 65 45 R3 [154 165 115 Z15 |248, 265 185 L23 ]342 365 255 C11
61| (VDD)67 46 R7 }155] (VDD)167 116 V15 [249| (VDD)267 | 186 L19 [343| (VDD)367 | 256 G11
62| vss®8) | GND| a [156] vss(168) | GND a J250] vss(268) | GND a [|344] vsSsS(368) | GND a
63 69 47 T1 §157| 169 117 | BB17 | 251 269 187 J25 J345 369 257 A9
64 70 48 S8 | 158 170 118 Ui 252, 270 188 K18 }346 370 258 H10
65 72 49 S2 159 172 119 | AA16 J253 272 189 K24 |347| 372 259 B10
66 73 50 T7 160 173 120 V17 |254 273 190 J19 348 373 260 G9
67| OVSS(74)| GND a ]161] OVSS(174) | GND a 255 OVSS(274)| GND a 349| OVSS(374)| GND a
68 |(OVDD3)75 51 T3 |162|(OVDD3)175| 121 Z17 ]256/(OVDD3)275 191 J23 ]350{(0OVDD3)375 261 C9
69 77 52 S4 1163 177 122 Y16 {257, 277 192 K22 }351 377 262 D10
70 78 53 R5 ]164 178 123 X15 ]258 278 193 L21 352 378 263 E11
71 79 54 V1 1165 179 124 | BB19 |259 279 194 G25 [353| 379 264 A7
72 80 55 U2 166 180 125 | AA18 }260 280 195 H24 | 354 380 265 B8
73 81 56 S6 ]167 181 126 W16 |261 281 196 K20 §355 381 266 F10
74 82 57 T5 | 168 182 127 | X17 ]262 282 197 J21 1356 382 267 E9
75 84 - - 169 184 - - 263 284 - - 357 384 - -
76 |OVDD5(85)] PWR b ]170{OVDD5(185)] PWR b 264|0VDD5(285) PWR b 358/0VDD5(385) PWR b
77 86 58 X1 {171 186 128 | BB21 ]265 286 198 E25 ]359 386 268 A5
78 87 59 ue 172 187 129 W18 ]266 287 199 H20 §360 387 269 F8
79 88 60 U4 1173 188 130 Y18 267 288 200 H22 |361 388 270 D8
80| OVSS(89)| GND a |174| OVSS(189) | GND a 268 OVSS(289)| GND a 362| OVSS(389)| GND a
81 90 61 V3 175 190 131 Z19 1269 290 201 G23 [363 390 271 C7
82 91 62 W2 176 191 132 | AA20 }270 291 202 F24 | 364 391 272 B6
83 92 63 vs {177 192 133 | X19 J271 292 203 | D24 |365 392 273 B4
84 93 64 W4 178 193 134 Y20 272 293 204 F22 ]366 393 274 D6
85 94 65 X5 §179 194 135 X21 273 294 205 E21 |367 394 275 C5
86| (OVSS)95| GND a ]180] (OVSS)195| GND a 274| (OVSS)295| GND a 368| (OVSS)395| GND a
87 96 - - 181 196 - - 275 296 - - 369 396 - -
88 97 66 W6 |182 197 136 W20 }276 297 206 G21 }370| 397 276 E7
89 98 67 Z1 |183] 198 137 | BB23 |277 298 207 | C25 ]371 398 277 A3
90 99 68 X3 ]184] 199 138 221 |278| 299 208 E23 }372 399 278 A1l
91 100 69 Y2 |185 200 139 | AA22 ]279 300 209 A25 |373 400 279 C3
92| OVDD3 70 AA2 |186] OVDD3 140 | AA24 [280] OVDD3 210 B24 }374/ 0OVDD3 280 E5
93| OVDD5 | PWR b |}187] OVDD5 PWR b 281] OVDD5 PWR b 375{ OVDD5 PWR b
94 OVSS GND a [188 OVSS GND a 282 OVSS GND a 376 QOVSS GND a
NOTES:

1. Die Pad/IO-Cell numbers start at top of LEFT side and increment counter-clockwise.
2. Pkg Pin and Bond Finger numbers start at top of LEFT side and increment counter-clockwise.
3.VSS, VDD, OVSS, OVDD3, & OVDDS indicates fixed power and ground pads on the die (Array) for probe test.
4. OVSS & OVDDS5 in () are power and ground for Final Test and are Package dependent.
5. The following is a cross reference of package dependent Power and Ground Pkg Pin numbers:
PWR, a =J13, K10, K16, L11, L13, L15, M12, M14, N9, N11, N13, N15, N17, P12, P14, R11, R13, R15, S16, T13
GND, b = G7, G19, H8, H18, J9, J17, S10, T9, T17, U8, U18, V7, V19
6. Only OVDDS is connected to package PWR pins. VDD must be supplied seperately through I/O package pins.
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PACKAGING

Table 4-39 H4CP178P1 Table 4-39 H4CP178P1
Analog PLL Option 1 Analog PLL Option 1

VDD 147 157
AVSS 148 OVSS(158)
| AVDD 149 159
‘ 101 150 161
102 151 OVDD5(162)
101 103 152 163
102 104 153 164
103 105 154 165
104 106 155 167
105 107 156 VSS(168)
i 106 109 157 169
107 110 158 170
108 111 159 172
109 113 160 173
110 OVSS(114) 161 OVSS(174)
111 115 162 175
112 116 163 177
113 117 164 178
114 OVDD5(118) 165 179
115 119 166 180
116 120 167 181
117 121 168 182
118 122 169 184
119 123 170 OVDD5(185)
120 124 171 186
121 125 172 187
122 127 173 188
123 OVSS(128) 174 OVSS(189)
124 129 175 190
125 130 176 191
126 131 177 192
127 133 178 193
128 VSS(134) 179 194
129 135 180 195
130 136 181 196
131 137 182 197
132 139 183 198
133 OVDD5(140) 184 199
134 141 185 200
135 142 186 ovDD3
136 OVSS(143) 187 OoVDDS5
137 145 188 ovss
138 146
139 147 Note: This table replaces the BOTTOM side of each
140 148 pad to pin table for each array/package combination
141 150 when Analog PLL option 1 is used in the H4CP178
142 VDD(151) array.
143 152
144 153
145 155
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Table 4-40 H4CP178P2
Analog PLL Option 2

PACKAGING

Table 4-40 H4CP178P2
Analog PLL Option 2

95 VSS 283 VSS
% VDD 284 VDD
97 AVSS 285 AVSS
08 AVDD 286 AVDD
99 101 287 301
100 102 288 302
101 103 289 303
102 104 290 304
103 105 291 305
104 106 292 306
105 107 293 307
106 109 294 309
107 110 295 310
108 11 296 311
109 113 297 313
110 OVSS(114) 298 OVSS(314)
111 115 299 315
112 116 300 316
113 117 301 317
114 | OVDD5(118) | 302 OVDD5(318)
115 119 303 319
116 120 304 320
117 121 305 321
118 122 306 322
119 123 307 323
120 124 308 324
121 125 309 325
122 127 310 327
123 OVSS(128) 311 OVSS(328)
124 129 312 329
125 130 313 330
126 131 314 331
127 133 315 333
128 VSS(134) 316 VSS(334)
129 135 317 335
130 136 318 336
131 137 319 337
132 139 320 339
133 | OVDD5(140) | 321 OVDD5(340)
134 141 322 341
135 142 323 342
136 OVSS(143) 324 OVSS(343)
137 145 325 345
138 146 326 346
139 147 327 347
140 148 328 348
141 150 329 350
142 VDD(151) 330 VDD(351)
143 152 331 352
144 153 332 353
145 155 333 355

H4CPlus Series Design Reference Guide

146 156 334 356
147 157 335 357
148 OVSS(158) 336 OVSS(358)
149 159 337 359
150 161 338 361
151 | OVDD5(162) | 339 OVDD5(362)
152 163 340 363
153 164 341 364
154 165 342 365
155 167 343 367
156 VSS(168) 344 VSS(368)
157 169 345 369
158 170 346 370
159 172 347 372
160 173 348 373
161 OVSS(174) 349 OVSS(374)
162 175 350 375
163 177 351 377
164 178 352 378
165 179 353 379
166 180 354 380
167 181 355 381
168 182 356 382
169 184 357 384
170 | OvDD5(185) | 358 OVDD5(385)
171 186 359 386
172 187 360 387
173 188 361 388
174 OVSS(189) 362 OVSS(389)
175 190 363 390
176 191 364 391
177 192 365 392
178 193 366 393
179 194 367 394
180 195 368 395
181 196 369 396
182 197 370 397
183 198 371 398
184 199 372 399
185 200 373 400
186 OovDD3 374 OVDD3
187 OVDD5 375 OVDD5
188 OVSS 376 OVSS

Note: This table replaces the BOTTOM and the TOP
side of each pad to pin table for each array/package
combination when Analog PLL option 2 is used in the
H4CP178 array.
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PACKAGING

4.7 MECHANICAL DATA

Note: Where formal case outlines are not available, prelimi-
nary drawings are shown.

4.8 Geometric Characteristics and Symbols

The following is a list of common characters, text, and symbols
used in Motorola Case Outlines:

o~ RIODNNFRoOIN

Flatness
Straightness

Circularity (Roundness)
Cylindricity

Perpendicularity (Squareness)
Angularity

Parallelism

Profile of a Surface

Profile of a Line

Total Runout

Circular Runout

Position

Concentricity

Symmetry

BSC BASIC -Untoleranced dimensions locating true

position

Ref. A dimension which is obtained from other dimensions

and their tolerances.

MOTOROLA
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MECHANICAL DRAWINGS INCLUDED
¢ QFP-Excised from MCR
128, 160, 208, 240 Pin

¢ MicroCool QFP -Excised from MCR
160, 208 Pin

¢ OMPAC
169, 225, 313 Pin

* MCR
AB Ring

S —

Maximum Material Condition MMC
Regardless of Feature Size RFS
Least Material Condition LMC
Projected Tolerance Zone

Diametrical (Cylindrical) Tol. Zone or Feature

E NEOO G

Basic, or Exact, Dimension

-A- Datum Feature Symbol

|ﬂ |¢ .0055@' AI Feature Control Frame
Datum Target
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PACKAGING

128-PIN PACKAGES ;

PLASTIC QUAD FLAT PACK ;
CASE 862A-01
(Excised from the AB MCR, see page 4-37)

P
) L .
g e
) : -ABD]
a DETAIL "A®
T
F
o
< T
I = J N
ST 1S 4
O ol [5)
L =\ ®| < BASE
— s Al 4 t——
= = sie| |8 o SECTONBS
= = S ] ATED7°CCW
= DETAIL "A* = J1E[|1e
; = = =1 DETAIL*B"
= == A 1 N
| = = e
- 128 - 1 33 2
! CEEELL L R R L LR R L EEE LR
1 32
A )
#]0.20(0.008) GIC[A-B DATUM PLANE
S —
¢ 0.20(0.008) ®[H[A-BEID® DETAIL "C*
> DETAIL "C*
; el
H.
AT T T, Lt DATUM PLANE
C- [} ‘\_ \/, [a]o.10(0.004) ] MILLIMETERS INCHES
H DETAIL"B" M = DIM| MIN _ MAX| MIN _ MAX
g oMy MIN_MARL MR VAR
SEATING PLANE A | 27.90 28.10]1.098 1.106
B | 27.90 28.10/ 1.098 1.106
c | 345 3.85|0.136 0.152
p| 030 o0.45|0012 o0.018
E| 317 367(0.125 o0.144
F| 030 o0.40/0.012 o0.016
G | 0.80BSC 0.032 BSC
NOTES: H| 025 o0.35]/0.010 0.014
J | 013 o0.23{0.005 0.009
1. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 1982. k | 075 o0.92|0.030 0.036
. . F
2. CONTROLLING DIMENSION: MILLIMETER. ::1 :: 80 R1E:° :.,976 F:EGO
3. DATUM PLANE -H- IS LOCATED AT BOTTOM OF LEAD AND IS COINCIDENT WITH N| 013 o.17{0.005 0.007
THE LEAD WHERE THE LEAD EXITS THE PLASTIC BODY AT THE BOTTOM OF THE p | o.40BSC 0.016 BSC
PARTING LINE. al| ¢ 7 0° 7°
4. DATUMS A-B AND -D- TO BE DETERMINED AT DATUM PLANE -H-. R| 013 o030]0.005 0012
5. DIMENSIONS S AND V TO BE DETERMINED AT SEATING PLANE -C-. s | 31.10 31.37|1.224 1.235
6. DIMENSIONS A AND B DO NOT INCLUDE MOLD PROTRUSION. ALLOWABLE PRO- T| 013 -~ 10005 -
TRUSION IS 0.25(.010) PER SIDE. DIMENSIONS A AND B DO INCLUDE MOLD ul o - 0
MISMATCH AND ARE DETERMINED AT DATUM PLANE -H-. vV | 31.10 31.37(1.224 1.235
7. DIMENSION D DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR W 040 -- 10.016 -
PROTRUSION SHALL BE 0.08(.003) TOTAL IN EXCESS OF THE D DIMENSION AT X | 1.60REF 0.063 REF
MAXIMUM MATERIAL CONDITION. DAMBAR CANNOT BE LOCATED ON THE LOWER Y | 1.60REF 0.063 REF
RADIUS OR THE FOOT. Z | 160REF 0.063 REF
H4CPlus Series Design Reference Guide MOTOROLA
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PACKAGING

160-PIN PACKAGES

PLASTIC QUAD FLAT PACK
CASE 864A-01
(Excised from the AB MCR, see page 4-37)
Y { L
120 81 P
==
— 121 L B ——
80 ( i
-
-A,B,D-]
| DETAIL "A"
@ [ — F —>
* o B I f \'F
3 3 . _ = J
sl o BASE
3le 3 METAL
° Iy e D~
DETAIL "A" g B CHEEEDICIE EIC EE
SECTION B-B
l ROTATED 7 CCW
160 =20 » , DETAIL"B"
1 i 1
1 40
z . [} Ny
{:ul}ln:@ﬂe]
[1]0.05(0.002) A-H EH]
DATUM
PLANE
S -
[#]0:20(0.008) B[C]A-BEIDA]
DETAIL "C"
c ¢ Mr‘\ DETAIL *C*
[-H] DATUM
R LR RRR PLANE

v
=

DETAIL"B"
SEATING MILLIMETERS INCHES
PLANE DIM | MIN MAX MIN MAX
A | 27.90 28.10 | 1.008 1.106
B | 27.90 28.10 | 1.098 1.106
C 3.35 3.85 0.132 0.152
NOTES: D | 022 033 | 0.009 0.013
E | 320 350 | 0.126 0.138
1. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 1982, F | o2 0.38 0009 0015
G 0.650 BSC 0.0256 BSC
2. CONTROLLING DIMENSION: MILLIMETER. Hol oo 035 | 0,010 0.012
3. DATUM PLANE 1 IS LOCATED AT BOTTOM OF LEAD AND IS COINSIDENT J | o 023 °-g°‘ 0.009
WITH THE LEAD WHERE THE LEAD EXITS THE PLASTIC BODY AT THE K | 070 0.90 | 0.028 0.035
BOTTOM OF THE PARTING LINE. 'n'n 255;35 REF 59.993 REI:G"
4. DATUMS A-B AND -D- TO BE DETERMINED AT DATUM PLANE -H-, N | o1 0.19 | 0.004 0.007
P 0.325 BSC 0.0130 BSC
5. DIMENSIONS S AND V TO BE DETERMINED AT SEATING PLANE -C-. Q o° 70 o° 7°
6. DIMENSIONS S AND V TO BE DETERMINED AT SEATING PLANE -C-. A Pa3 a0 | 9908 002
PROTRUSION IS 0.25 (0.010) PER SIDE. DIMENSIONS A AND B DO 31.00 : - -
INCLUDE MOLD MISMATCH AND ARE DETERMINED AT DATUM PLANE -H-. B 0.13 . °-°g§ -
7. DIMENSION D DOES NOT INCLUDE DAMBARPROTRUSION. ALLOWABLE V| 31.00 31.40 | 1.220 1.236
DAMBAR PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN EXCESSOF THED | W | 0.40 - 0.016
DIMENSION AT MAXIMUM MATERIAL CONDITION. DAMBAR CANNOT BE X 1.60 REF 0.063 REF
LOCATED ON THE LOWER RADIUS OR THE FOOT. Y 1.33 REF 0.052 REF
z 1.33 REF 0.052 REF

MOTOROLA H4CPlus Series Design Reference Guide
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160-PIN PACKAGES

MicroCool QUAD FLAT PACK

PACKAGING

CASE 864D-02
(Excised from the AB MCR, see page 4-37)
AA
Y | L
120 81 P
] = ® %:
COPPER HEAT
SPREADER AB.D
L - DETAIL A"
o 7
1| I
@ o le— F—
-A- E *
e 8 I\
R = ~F° } \\\ )
3 3 2 5‘8&
15 154 = [—D—>
=
B .- EREBIC G G Bl
s &l secnonf B-B
ROTATED 7 CCW
DETAIL “A"
l 16030 ET 41 DETAIL"B*
f i LELL
V4 1 e 40 —
A
[€]0.20(0 608D HA-BOIDCS) m=R
0.05(0.002! B
1] 0:05(0.002) A-§ DATUM
PLANE
] .
FT02000608) B[] A-BGI(Y)
DETAIL “C"
c ¢ M DETAIL"C
| _ [(R] DATUM
IRAN VT PLANE
[C f 004)
H DETAIL’B" MILLIMETERS INCHES
SEATING
PLANE DIM | MIN MAX MIN MAX
A | 2790 28.10 | 1.098 1.106
B | 27.90 28.10 | 1.098 1.106
c | 345 385 | 0.136 0.152
NOTES: D | o022 038 | 0.009 0.015
E | 320 350 | 0.126 0.138
1. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 1982. F | o022 033 | 0.009 0.013
G 0.650 BSC 0.0256 BSC
2. CONTROLLING DIMENSION: MILLIMETER. H | o5 035 | 0ot0 0.012
3. DATUM PLANE -H- IS LOCATED AT BOTTOM OF LEAD AND IS COINSIDENT ;2 0.13 023 | 8008 Py
WITH THE LEAD WHERE THE LEAD EXITS THE PLASTIC BODY AT THE 0.78 g-95 g .
BOTTOM OF THE PARTING LINE. nlk 52.5‘35 F*E16 0.998 REF
4. DATUMS A-B AND -D- TO BE DETERMINED AT DATUM PLANE -H-, N | 013 0.197| 0.005 0.007
P 0.325 BSC 0.0130 BSC
5. DIMENSIONS S AND V TO BE DETERMINED AT SEATING PLANE -C-. Q 0° 7° o° 7°
6. DIMENSIONS S AND V TO BE DETERMINED AT SEATING PLANE -C-. 8 99198 %2
PROTRUSION IS 0.25 (0.010) PER SIDE. DIMENSIONS A AND B DO - k - :
INCLUDE MOLD MISMATCH AND ARE DETERMINED AT DATUM PLANE -H-. 5 063,9 - °~°g§ -
7. DIMENSION D DOES NOT INCLUDE DAMBARPROTRUSION ALLOWABLE V | 3110 3137 | 1224 1.235
DAMBAR PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN EXCESSOF THED | W | 0.40 0.016
DIMENSION AT MAXIMUM MATERIAL CONDY ON DAMBAH CANNOT BE X 1.60 REF 0.063 REF
LOCATED ON THE LOWER RADIUS OR THE FOO Y 1.33 REF 0.052 REF
z 1.33 REF 0.052 REF
AA | 16.30 18.30 | 0.642 0.720
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PACKAGING

169-PIN PACKAGES

OMPAC
CASE 938
GTPAC (used for prototypes only)
CASE 971-01
A 0.20(0.008) |
K T
'« B—————» N J
5] 13121110987654321 'y
/ N A A 0000000000000~
f ) B 0000000000000
0] C| 0000000000000 *

D| oooo0000000000 G

E 0000000000000

F 0000000000000

Al E G| coo0o00000000O0O

E H| oo0o0o0o00000OO0OOO

J 0000000000000

K| oooooooo0o00000

L 0000000000000

M| o000000O0O0OOOOOO

\ ?/ N N Tclaooo‘o\ooooooo

. ! S
—>.
E D 169X O H
> G
[@oso 0020 M@[T[s® RB]
DIMENSIONS for OMPAC DIMENSIONS for GTPAC
MILLIMETERS INCHES ) MILLIMETERS INCHES
DIM MIN MAX MIN MAX DIM MIN MAX MIN MAX
A 22.90 23.10 0.902 0.909 A 22.90 23.10 0.902 0.909
B 22.90 23.10 0.902 0.909 B 22.90 23.10 0.902 0.909
(o} 1.33 1.73 0.0523 | 0.0681 (o] 1.526 2.134 0.060 0.084
D 1.83 2.43 0.0720 | 0.0956 D 2.026 2.834 0.080 0.112
E 19.30 19.70 0.7598 | 0.7755 E 15.300 19.300 0.602 0.760
F 19.30 19.70 | 0.7598 | 0.7755 F 15.300 19.300 | 0.602 0.760
G 1.50 BSC 0.0590 BSC G 1.50 BSC 0.0590 BSC
H 0.690 0.810 0.0271 | 0.0318 H 0.690 0.810 0.0271 | 0.0318
J 2.400 2.600 0.094 0.102 J 2.400 2.600 0.094 0.102
K 0.310 0.410 0.012 0.016 K 0.510 0.610 0.020 0.024
NOTES:

1. DIMENSIONING AND TOLERANCING
PER ANSI Y14.5M, 1982
2. CONTROLLING DIMENSION: MILLIMETER
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PACKAGING

208-PIN PACKAGES

PLASTIC QUAD FLAT PACK
CASE 872A-01
1.6 FOOT LENGTH

(Excised from the AB MCR see page 4-37)

P
Y- } L i — a—1 ‘
156 105 ‘
157 - ] ( = ! %
7 104 Eiia |
DETAIL "A" l
le— F —»] ‘,
t
-A- ’ ’ “
L ' 1 &\\ {
BASE
METAL-
le—— D—>
— DETAIL "A" [#0.08(0.003) B[ CTA-BEY D)
SECTION B-B
3 v2085n ROTATED 7° CCW
1 53 DETAIL"B"
1 __.l 5 52 i~y
z
A
110.20(0.008\M]H| A-B (5) DE)}
[ 1]0.05(0.002) [AB] =]
S DATUM
[eloz00.008) @A o6 PLANE
C E DETAIL“C" |
. M,
4 [-H-]DATUM PLANE L—X Q
LI ? M DETAIL "C"
SEATING H G DETAIL"B"
PLANE MILLIMETERS INCHES
DIM | MIN MAX MIN MAX
A | 27.90 28.10 1.098 1.106
B | 27.90 28.10 | 1.098 1.106
C 345 4.10 0.136 0.161
: 0.17 027 | 0007 0.011
NOTES: g 220 360 | 0126 0.142
1. DIMENSIONING AND TOLERANCING PER ANS! Y14.5M, 1982. F | 0417 0.23 | 0.007 0.009
2. CONTROLLING DIMENSION: MILLIMETER. g 0 2‘5)~5°° BSC 0 01(? 020 BSC
3. DATUM PLANE -H- IS LOCATED AT BOTTOM OF LEAD AND IS COINSIDENT J | 009 020 | 0.003 o.ooa
gvg# gnEoli:E,T«RE\A'QXE‘%ENEHE ’!l_EAD EXITS THE PLASTIC BODY AT THE k| o7s 0.95 0.030 0.037
: L 25.5 REF 1.004 REF
4. DATUMS A-B AND -D- TO BE DETERMINED AT DATUM PLANE -H-. M 5° 16° ° 16°
N 0.09 0.16 003 0.006
5. DIMENSIONS S AND V TO BE DETERMINED AT SEATING PLANE C-. p 0.250 BSC 0.010 BSC
6. DIMENSIONS A AND B DO NOT INCLUDE MOLD PROTFIUSION ALLOWABLE | Q| ©° 7° 0° 7°
PROTRUSION IS 0.25 (0.010) PER SIDE. DIMENSIONS A AND B DO R | o013 025 | 0.005 0.010
INCLUDE MOLD MISMATCH AND ARE DETERMINED AT DATUM PLANE -H-. s | 3100 3140 | 1220 1236
7. DIMENSION D DOES NOT INCLUDE DAMBAR PROTRUSION. DAMBAR T 013 0.005
PROTRUSION SHALL NOT CAUSE THE D DIMENSION TO EXCEED u 0 - 0
0.38 (0.015). y | 3100 31.40 | 1.220 1.236
w | 020 - 0.008 -
X 1.60 REF 0.063 REF
Y 1.25 REF 0.049 REF
Z 1.25 REF 0.049 REF
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PACKAGING

208-PIN PACKAGES

PLASTIC QUAD FLAT PACK MicroCool™
CASE 872G-01
1.6 FOOT LENGTH
(Excised from the AB MCR see page 4-37)

AA

[
Y- I L > S = 4 \
156 10 i ( iy S |
1 1
y 04 -A,B,D:
157
SRRE DETAIL "A"
le— F —
A -B: ¥ Q T
@ i \\\\\ )
L \ ‘ \
BASE
METAL-
l¢—— D—>
[10.06(6.002) @I AKNOC)
. SECTION B-B
1208 o DETAIL "A 53 ROTATED 7° CCW
DETAIL"B"
Tz ! N 52
A
11 0.20(0.008 M H[A-B s) o)
(loosoooe [8] [
S DATUM
féfo-20(0.008) @[] A-BEIDE] PLANE
C E DETAIL "C"
' |-H-]DATUM PLANE
1
T Y [S[007(0.004] DETAIL "C*
SEATING H
PLANE MILLIMETERS INCHES
DIM | MIN MAX MIN MAX
A | 2790 28.10 | 1.098 1.106
NOTES: B 27.90 28.10 1.098 1.106
C | 345 410 | 0.136 0.161
1. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 1982. 5 | 84 a8 | o007 0011
2. CONTROLLING DIMENSION: MILLIMETER. E 3.20 360 | 0.126 0.142
3. DATUM PLANE -H- IS LOGATED AT BOTTOM OF LEAD AnD 15 comsioent | £ | V7 023 | 0.007 0.009
" WITH THE LEAD WHERE THE LEAD EXITS THE PLASTIC BODY AT THE G 0.500 BSC 0.020 BSC
BOTTOM OF THE PARTING LINE. H | 025 —- | 0.010
J 0.09 020 | 0.003 0.008
4. DATUMS A-B AND -D- TO BE DETERMINED AT DATUM PLANE -H-. K | 078 095 | 0030 0.037
5. DIMENSIONS S AND V TO BE DETERMINED AT SEATING PLANE -C-. IM 25.5 REF , 1004 REF
0
6. DIMENSIONS A AND B DO NOT INCLUDE MOLD PROTRUSION. ALLOWABLE | N 0569 (1)618 023 (}%’07
PROTRUSION IS 0.25 (0.010) PER SIDE. DIMENSIONS A AND B DO - - -
INGLUDE MOLD MISMATCH AND AREDETERMINED AT DATUM PLANE -H- z 000.250 Bsc7° ,0:010BSC o
7. DIMENSION D DOES NOT INCLUDE DAMBAR PROTRUSION. DAMBAR
PROTRUSION SHALL NOT CAUSE THE D DIMENSION T0 EXCEED g &5 3(1)"213 ?'ggg o0
e T | 013 — 0.005
u 0° 0°
v | 3100 31.40 | 1.220 1.236
w | o020 0.008
X 1.60 REF 0.063 REF
Y 1.25 REF 0.049 REF
z 1.25 REF 0.049 REF
AA |16.80 18.80 | 0.661 0.740
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PACKAGING

MOL.DED CARRIER RING

SIZE AB: FOUR UNITS PER STRIP
CASE OUTLINES 884(120 pin), 885(128 pin), 887(160 pin),888-01(208 pin)
[$T0.10(0.004) _[AIB®] B 2L AlB

A
Al !
A2
S ]
t \ f
N 25;( T ;
|
M 2PL |
@ |
c
AJ
¥ views UNIT \JIIEW
L 1
’ \ W 1 J
OPTIONAL } UNIT SIDE VIEW
HOLES — | }-q2NoTE
N g_g‘ '09 6.0 D1 REF
Q ryl wigl IRPT ~—F
NOTE 6.0 ’ v I N '\r I
65 | |+— B 2PL—ste— T 2PL—»| ANNN
L8] L1 2PL- 128 ‘J NN\
L2PL 256 PL 2P
TOP VIEW []o.25(0.010) [ AIB®[C @] SECTION E-E
E
1 ([ G2
1— : ] e |~ as2pL
c
- 1 U A I
. —~— views L 1
M1 SIDE VIEW :A
NOTE 8.0
D256 PL— [=—

VIEW A VIEW D

=
o T
Nen1)

BOTTOM VIEW OF UNIT iN MOLDED
CARRIER RING

SECTION C-C
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PACKAGING

MOLDED CARRIER RING

SIZE AB: (Continued)

NOTES:
1. ALL DIMENSIONS AND TOLERANCES CONFORM TO ANSI Y14.5M-1982.

2. CONTROLLING DIMENSION: MILLIMETER.

3. A, DIMENSION DOES NOT INCLUDE MOLD PROTRUSION. ALLOWABLE MOLD
PROTRUSION IS 0.20(0.008) PER SIDE.

4. A AND S DIMENSIONS INCLUDE MOLD MISMATCH, AND ARE  MEASURED
AT THE PARTING LINE.

5. UNLESS OTHERWISE SPECIFIED DIMENSIONS ARE SYMMETRICAL
ABOUT CENTERLINES.

6. B AND C DATUM HOLES ARE TO BE USED FOR TRIM, FORM AND
EXCISE OF THE MOLDED PACKAGE ONLY. HOLES Q1 AND Q2 ARE TO BE
USED FOR ELECTRICAL TESTING ONLY.

7. NON-DATUM HOLES ONLY.
8. APPLIES TO RING AND PACKAGE FEATURES.

MLLIMVETERS INOHES MLLVETERS NHS
oM MN MX | MN MX | OM MN MaX | MN MAX
A 4587 4613 | 1806 1816 | M 1.30 230 | 0.051 0.091
Al 4570 BSC 1.799 BSC M1 8°MAX 8°MAX
A2 | 4517 4543 | 1778 1789 | N 0.13 017 |0.005 0.007
B 16.10 BSC 0.634 BSC P 177 203 |0.070 0.080
c 470 490 | 0.185 0193 | R 040 060 | 0016 0.024
D 040 050 | 0016 0.020 | R1 350 450 |0.138 0.177
D1 022 038 | 0009 0015 | R2 | 200 300 |0079 0.118
E 190 210 | 0075 0083 | S 37.87 38.13 | 1.491 1.501
F 022 033 | 0009 0013 | T 16.10 BSC 0.634 BSC
G 0.65 BSC 0.026 BSC v 26.30 2640 |1.035 1.039
G1 0.65 BSC 0.026 BSC w 145 155 | 0057 0.061
H 170 190 | 0.067 0075 | AA | 045 085 |0.018 0.033
J 013 023 [ 0005 0009 | AB | 030 060 |0.012 0024
L 32.20 BSC 1.268 BSC AC | 137 163 |0.054 0.064
L1 35.20 BSC 1.386 BSC AD | 137 163 |0.054 0.064
AH | 27.90 2810 | 1.098 1.106
AJ | 320 340 |0.126 0.134
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225-PIN PACKAGES

OMPAC
CASE 938A
GTPAC (used for prototypes only)
CASE 970-01

] 0.20(0.008) |

PACKAGING

-

4— B —n¢v——p»
Ko
-S-
(- V)
©)
A4 F
\ /
N\ /
C
—
+—E—> D
—p
DIMENSIONS for OMPAC
MILLIMETERS INCHES
DIM MIN MAX MIN MAX
A 26.90 | 27.10 | 1.0590 | 1.0669
B 26.90 | 27.10 | 1.0590 | 1.0669
C 1.330 | 1.730 | 0.0523 | 0.0681
D 1.830 | 2.430 | 0.072 | 0.956
E 23.80 | 24.20 | 0.9370 | 0.9527
F 23.80 | 24.20 | 0.9370 | 0.9527
G 1.500 BSC 0.590 BSC
H 0.690 | 0.810 | 0.0271 | 0.0318
J 2.900 | 3.100 | 0.114 | 0.122
K 0.310 | 0.410 | 0.012 | 0.016
NOTES:

1. DIMENSIONING AND TOLERANCING
PER ANSI Y14.5M, 1982
2. CONTROLLING DIMENSION: MILLIMETER

H4CPlus Series Design Reference Guide

151413121110987654321

A 0000000000000 0 00—
B 0000000000000 00—
Cc 00000000000000O0 *
D 000000000000000 G
E 000000000000000
F 0000000000000 0O
G 000000000000000
H 000000000000000
J 000000000000OO0OO0OO
K 000000000000000
L 000000000000000
M 000000000000000
N 000000000000000
P 000000000000000
R OOOOO{OOOOOOOOO
225X O H
[@]os0 (0.0200 M[T[s® RO
DIMENSIONS for GTPAC
MILLIMETERS INCHES
DIM MIN MAX MIN MAX
A 26.90 | 27.10 | 1.0590 | 1.0669
B 26.90 [ 27.10 | 1.0590 | 1.0669
C 1.526 | 2.134 | 0.060 | 0.084
D 2.026 | 2.834 | 0.080 | 0.112
E 17.780 | 22.860 | 0.700 | 0.900
F 17.780 | 22.860 | 0.700 | 0.900
G 1.500 BSC 0.590 BSC
H 0.690 | 0.810 | 0.0271 | 0.0318
J 2,900 | 3.100 | 0.114 | 0.122
K 0.510 | 0.610 | 0.020 | 0.024

MOTOROLA
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PACKAGING

240-PIN PACKAGES
PLASTIC QUAD FLAT PACK
CASE 961-01
Free Leaded (not build in MCR)
Y L
180 | 121 F
181
— 20
/ AN
J N
N
! 0
L f o t®l 0.08 {0.003) (W T}
- - > SECTION AA-AA
[V )
] le—W
T
_%ZAQ O 61
1
z | P 60
S T
A Q—K
X
S DETAIL "Y*
DIMI N MAX | MIN MAX
AA A 31.90 32.10 1.256 1.264
B 31.90 32.10 1.256 1.264
c 3.42 4.20 0.135 0.165
J D 0.10 0.30 0.004 0.012
~— E 3.17 3.50 0.125 0.138
F 0.18 0.24 0.007 0.009
AA G 0.500 BSC 0.020 BSC
) H 0.25 0.45 0.010 0.018
NOTES: J 0.09 0.20 0.003 0.008
1. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 1982, K 0.35 0.65 0.014 0.026
2. CONTROLLING DIMENSION: MILLIMETER. I[a ¢ 255 “1'5;. 5.‘ 004 “E': o
3. DIMENSIONS S AND V TO BE DETERMINED AT SEATING PLANE -T-. N 0.1 0.14 0.004 0.006
4. DIMENSIONS A AND B DO NOT INCLUDE MOLD PROTRUSION. P 0.250BSC | 0.010BSC
ALLOWABLE PROTRUSION IS 0.25 (0.010 ) PER SIDE. DIMENSIONS A AND B g 3’13 0100 o ogs 0131 2
DO INCLUDE MOLD MISMATCH AND ARE DETERMINED WHERE THE BOTTOM s 2495 374335 1352 1372
OF THE LEADS EXIT THE PLASTIC BODY. T 013 0.05 o
5. DIMENSION D DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR | U o o -
SHALL NOT CAUSE THE D DIMENSION TO EXCEED 0.38 (0.015). v 34.35 34.85 1.362 1.372
w 0.40 0.016 -
6. MINIMUM SOLDER PLATE THICKNESS SHALL BE 0.0076 (0.00030). X 1.30 REF 0.051 REF
Y 1.25 REF 0.049 REF

MOTOROLA
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A
’ O
A F
O 7/
\
MILLIMETERS INCHES
DIM MIN MAX MIN MAX
A 34.90 35.10 1.3740 1.3819
B 34.90 35.10 1.3740 1.3819
C 1.53 1.93 0.0602 0.076
D 2.03 2.63 0.0799 0.1035
E 29.80 30.20 1.1732 1.1890
F 29.80 30.20 1.1732 1.1890
G 2.54 BSC 0.100 BSC
H 0.690 0.810 0.0271 0.0318
J 1.8 BSC 0.707 BSC

313-PIN PACKAGES

OMPAC
(Preliminary Drawing)

D

=

oo

PACKAGING

25 2321 1917 151311 9 7 5 3 1
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MACRO NAMING CONVENTIONS

SECTION 5. MACRO NAMING CONVENTIONS

The naming convention for the Motorola H4CPlus
Macrocell Array Series is the same as that used for Mo-
torola's H4C and 62A Series Macrocell Arrays.

Basic Gates:

Begin with a descriptive prefix usually followed by the
number of inputs of the gates. A list of the prefixes is
shown below:

NAN - NAND gate

NOR - NOR gate

AND - AND gate

OR - OR gate

EXOR - Exclusive OR gate
EXNOR - Exclusive NOR gate
AOI - AND/OR/Invert gate

OAIl - OR/AND/Invert gate
ANDOI - AND + NOR into a NOR
ONDAI - OR + NAND into a NAND
MAJ - Majority

TBUF - “3-state” buffer

INVT - Inverting 3-state buffer
DS - Schmitt trigger

Suffix Options:
# - Refers to the number of inputs
H - High drive (usually 2X drive Output)
B - Balanced drive
C - Complementary outputs

Buffers/Inverters:

Use the same convention as for Basic Gates with the
exception that the (#) number refers to the number of
devices in parallel on the output or X# Drive. A list of
the prefixes is shown below:

INV - Inverter
BUF - Non-inverting buffer

Suffix Options:
# - X# drive
B - Balanced drive
C - Complementary outputs
X - Uses an Output buffer from an /O site
P - Uses an Output buffer from a Power/GND
site

H4CPlus Series Design Reference Guide

Flip-Flops:

Begin with the type followed by a number of different

options which explain the functionality of the flip flop.

DFF - D type flip-flop

D - Used as an abbreviation of DFF if the
macro name becomes too long.

JKFF - JK type flip-flop

JK - Used as an abbreviation of JKFF if the
macro name becomes too long.

TFF - Toggle type flip-flop

Suffix Options:
R - Reset
S - Set
L - LSSD or scan type Input
P - Positive-edge clocked
T - 3-state Output
H - High drive (usually 2X drive Output)
A or B - These are used when different versions

of the same function (such as the DFFRTPA or the JK-
FFRSPB) already exist in other technologies but have
different states when both Set and Reset are taken low
at the same time.

Latches:

Names have many of the same suffixes as flip-flops

with the following differences:

LAT - Latch

CCND - Cross-coupled NAND latch
L1LSSD - L1 type LSSD latch
SRLSSD1 - SR type LSSD1 latch

Suffix Options:
N - Negative gate latched
P - Positive gate latched
R - Reset
S - Set
G - Common gated input
H - High drive (usually 2X drive Output)

MOTOROLA
5-1
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Inputs:

Begin with an | which is followed by a C (CMOS), T
(TTL), S (CMOS level Schmitt Trigger), or TS (TTL level
Schmitt Trigger) which indicates switching voltage lev-
els. An | or N is placed in the name which indicates
whether the input is Inverting (1)or Non-Inverting (N).

Prefix Options:
B - Bidirectional version (same as above
without pad)

Suffix Options:
H - Clock buffer (High drive)
Example:
ICN - Input/CMOS/Non-Inverting
BICN - Bidirectional version of ICN
(without the pad)
ICNH - ICN with High drive (uses output
buffer transistors)

Outputs:

The base begins with an O which is followed by an |
(Inverting) or a N (Non-Inverting). The third alphanu-
meric indicates the approximate source & sink current
drive in mA.

NOTE:

The number following ON is approximately the number of
mA that buffer can source and sink and still maintain the prop-
er threshold voltages across commercial worst case temper-
ature, voltage and process. The actual current in mA is
generally significantly higher. For an exact breakdown of typ-
ical currents at different temperatures and voltages please re-
fer to the DC Electrical Specifications in Section 8.

Prefix Options:
B - Bidirectional version (same as above
without pad)

Suffix Options:
T - 3-state output
OD - Open-Drain output
Example:
ON4 - Output/Non-inverting/4 mA drive
ONAT - Output/Non-inverting/4 mA drive/
3-state Output
BONAT - Bidirectional version of ON4T
(with BIC port)
ONA40D - Output/Non-inverting/4 mA drive
/Open-Drain Output

MOTOROLA
5-2

SPECIAL Input and Outputs:

CMTL, GTL, PCIl and PECL 1/O’s have the same
naming convention’s as standard inputs and outputs.
AnM (CMTL), G (GTL), PC (PCl), ora P (PECL) is add-
ed to the name to identify its special function.

JTAG macros end with a J and follow all of the stan-
dard naming conventions.

Analog Phase Look Loop:
All APLL macros begin with AP.

Suffix Options:
1-CMOS PLL Type 1
2 - CMOS PLL Type 2
D1 - PECL PLL Differential Type 1
D2 - PECL PLL Differential Type 2

System/Core I/O Voltage definition and
naming convention:

5/5 V = 5 Volt System and 5 Volt Core
(standard naming convention)
e.g.: ICN, ON2

5/3.3 V = 5 Volt System and 3.3 Volt Core
(standard name with an X)
e.g.: ICXN, ONX2

3.3/5 V = 3.3 Volt System and 5 Volt Core
(standard name with LX)
e.g.: ILTXN, ONLX2T

3.3/3.3 V = 3.3 Volt System and 3.3 Volt Core
(standard name with an L)
e.g.: ILCN, ONL2

Resistors:
Begin with a PD (Pull-Down) or PU (Pull-Up)

Suffix Options:
H - Higher current pull
L - Lower current pull

H4CPlus Series Design Reference Guide
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SECTION 6. MACRO DESCRIPTIONS AND QUICK REFERENCE GUIDE

The following tables detail the elements which make up
the H4CPlus Series library. The elements are orga-
nized into the following categories: Internal Macrocells,
Memory Blocks (RAM Macrocells), Peripheral Macros
(Input/Output Macrocells) and JTAG Macros.

S = Sections Used (#of Input/Output drivers used for
function).

Gates = equivalent gate count (Internal Macrocells)
System/Core I/O Voltage definition:

5/5 V = 5 Volt System and 5 Volt Core

5/3.3 V = 5 Volt System and 3.3 Volt Core

3.3/5 V = 3.3 Volt System and 5 Volt Core

3.3/3.3 V = 3.3 Volt System and 3.3 Volt Core

INTERNAL MACROS

AND GATES
1 [AND2 2-Input AND Gate 2 7-195
2 |AND2H 2-Input AND Gate, 2X Drive 2 7-195
3 |AND3 3-Input AND Gate 2 7-196
4 [ANDSH 3-Input AND Gate, 2X Drive 3 7-196
5 [AND4 4-Input AND Gate 3 7-197
6 |AND4H 4-Input AND Gate, 2X Drive 3 7-197
7 |AND8H 8-Input AND Gate, 2X Drive 6 7-198

NAND GATES

1 |NAN2 2-Input NAND Gate 1 7-305
2 |NAN2H 2-Input NAND Gate, 2X Drive 2 7-305
3 |NAN2B 2-Input NAND Gate, Balanced 2 7-305
4 |NAN3 3-Input NAND Gate 2 7-307
5 |NANGH 3-Input NAND Gate, 2X Drive 3 7-307
6 |[NAN4 4-Input NAND Gate 2 7-308
7 |[NAN4H 4-Input NAND Gate, 2X Drive 4 7-308
8 |NAN5 5-Input NAND Gate 4 7-310
9 |NAN5SH 5-Input NAND Gate, 2X Drive 5 7-310
10 [NAN6CH 6-Input NAND Gate, 2X Drive, 1X Complementary Output 6 7-312
11 [NANSH 8-Input NAND Gate, 2X Drive 7 7-313

OR GATES
1 |OR2 2-Input OR Gate 2 7-330
2 |OR2H 2-Input OR Gate, 2X Drive 2 7-330
3 [OR3 3-Input OR Gate 2 7-331
4 [OR3H 3-Input OR Gate, 2X Drive 3 7-331
5 |OR4 4-Input OR Gate 3 7-332
6 {OR4H 4-Input OR Gate, 2X Drive 3 7-332
7 |OR8H 8-Input OR Gate, 2X Drive 8 7-333

NOR GATES
1 [NOR2 2-Input NOR Gate 1 7-314
2 |NOR2H 2-Input NOR Gate, 2X Drive 2 7-314
3 [NOR2B 2-Input NOR Gate, Balanced 2 7-314
4 [NOR3 3-Input NOR Gate 2 7-316
5 |NOR3H 3-Input NOR Gate, 2X Drive 4 7-316
6 [NOR4 4-Input NOR Gate 4 7-317
7 |NOR4H 4-Input NOR Gate, 2X Drive 4 7-317
8 |NOR5 5-Input NOR Gate 4 7-319
9 {NORS5H 5-Input NOR Gate, 2X Drive 5 7-319
10 [NOR6CH 6-Input NOR Gate, 2X Drive, 1X Complementary Output 6 7-321
11 [NOR8H 8-Input NOR Gate, 2X Drive 7 7-323

H4CPlus Series Design Reference Guide
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INTERNAL MACROS

1 |EXNORA 2-Input Ex NOR, Unbuffered Inputs 3 7-259
2 |EXNOR3H |3-Input Exclusive NOR, 2X Drive 8 7-260
3 |EXORA 2-Input Exclusive OR, Unbuffered Inputs 3 7-261
4 |EXOR3H 3-Input Exclusive OR, 2X Drive 8 7-262
5 [EXOR4H 4-Input Exclusive OR, 2X Drive 10 7-263
AND/NOR, AND/OR, OR/NAND, & OR/AND GATES
1 |ANDOI22 2-Input AND + 2-Input NOR, into 2-Input NOR 3 7-199
2 |ANDOI22H |2-Input AND+2-Input NOR,—2-Input NOR 2X Drive 4 7-199
3 |AO21H 2-Input AND, 1-Wide,—2-Input OR, 2X 3 7-201
4 |AO22H 2-Input AND, 2-Wide, into 2-Input OR, 2X 3 7-202
5 |AO321H 3,2,1-input AND-OR Gate, 2X Drive 5 7-203
6 |AO4321H 4,3,2,1-input AND-OR Gate, 2X Drive 8 7-204
7 |AOI21 2-Input AND, 1-Wide, into 2-input NOR 2 7-206
8 |AOI21H 2-Input AND, 1-Wide, into 2-input NOR, 2X 3 7-206
9 |AOI211 2-Input AND, 1-Wide, into 3-input NOR 2 7-207
10 |AOI211H 2-Input AND, 1-Wide, into 3-input NOR, 2X 4 7-207
11 |AOI22 2-Input AND, 2-Wide, into 2-input NOR 2 7-208
12 |AOI22H 2-Input AND, 2-Wide, into 2-input NOR,2X 4 7-208
13 |OA21H 2-Input OR, 1-Wide, into 2-input AND, 2X 3 7-325
14 |OA22H 2-Input OR, 2-Wide, into 2-input AND, 2X 3 7-326
15 [OAl21 2-Input OR, 1-Wide, into 2-input NAND 2 7-327
16 |OAI21H 2-Input OR, 1-Wide, into 2-input NAND,2X 3 7-327
17 |OAI211 2-Input OR, 1-Wide, into 3-input NAND 2 7-328
18 [OAI211H 2-Input OR, 1-Wide, into 3-input NAND,2X 4 7-328
19 |OAI22 2-Input OR, 2-Wide, into 2-input NAND 2 7-330
20 |OAI22H 2-Input OR, 2-Wide, into 2-input NAND, 2X 4 7-330
21 [ONDAI22 2-Input OR + 2-Input NAND, into 2-Input NAND 3 7-332
22 |ONDAI22H |2-Input OR + 2-Input NAND, into 2-Input NAND, 2X Drive 4 7-332
INVERTING BUFFERS
1 [INV Inverter 1 7-266
2 [INVB Inverter, Balanced(Symmetrical Rise & Fall) 1 7-266
3 [INV2 2-Inverters in parallel 1 7-267
4 [INV2B 2-Inverters in parallel, Balanced (Symmetrical Rise & Fall) 2 7-267
5 [INV4 4-Inverters in parallel 2 7-268
6 |INV4B 4-Inverters in parallel, Balanced (Symmetrical Rise & Fall) 4 7-268
7 |INV8 8-Inverters in parallel 4 7-269
8 [INV8B 8-Inverters in parallel, Balanced (Symmetrical Rise & Fall) 8 7-269
9 [INVX Inverted Buffer (used to drive internal logic from an I/O Site) -~ 7-272
NON-INVERTING BUFFERS
1 {BUF 1X drive Buffer 1 7-210
2 |BUF2 2X drive Buffer 2 7-211
3 |BUF2B 2X drive Buffer, Balanced (Symmetrical Rise & Fall) 3 7-211
4 |BUF4 4X drive Buffer 3 7-212
5 |BUF4B 4X drive Buffer, Balanced (Symmetrical Rise & Fall) 5 7-212
6 |BUF8 8X drive Buffer 5 7-213
7 |BUF8B 8X drive Buffer, Balanced (Symmetrical Rise & Fall) 9 7-213
8 [BUFX Non-Inverting Buffer (used to drive internal logic from an 1/O Site) -- 7-214
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3-STATE BUFFERS

H4CPlus Quick Reference Guide

1 |TBUF 3-state Buffer, Active Low Enable 4 7-343
2 |TBUFH 3-state Buffer, Active Low Enable, 2X Drive 5 7-343
3 |TBUFP 3-state Buffer, Active High Enable 4 7-344
4 |TBUFPH 3-state Buffer, Active High Enable, 2X Drive 5 7-344
5 [INVT Inverting 3-state Buffer, Active Low Enable 2 7-270
6 {INVTH Inverting 3-state Buffer, Active Low Enable, 2X Drive 3 7-270
7 |INVTP Inverting 3-state Buffer, Active High Enable 3 7-271
8 |[INVTPH Inverting 3-state Buffer, Active High Enable, 2x Drive 4 7-271
D TYPE FLIP-FLOPS
1 |DFF1A Scan D Flip-Flop 15 7-222
2 |DFF4A 4-Bit Scan D Flip-Flop 48 7-224
3 |DFFGLP D Flip-Flop, Multiplexed (or Scan) Input with HOLD function 13 7-226
4 |DFFP D Flip-Flop 8 7-230
5 |DFFPH DFFP, 2X Drive 8 7-230
6 [DFFLPA D Flip-Flop, Multiplexed (or Scan) W/Unbuffered Input/ Clock 8 7-228
7 |DFFLPAH DFFLP, 2X Drive 9 7-228
8 |DFFRP D Flip-Flop with Reset 8 7-232
9 |DFFRPH DFFRP, 2X Drive 10 7-232
10 |DFFRLP D Flip-Flop W/Reset, Multiplexed (or Scan) Input 11 7-234
11 [DFFRLPH DFFRLP, 2X Drive 11 7-234
12 |DFFRSLPB |D Flip-Flop w/Set and Reset 14 7-238
13 |DFFRSPHB |D Flip-Flop w/Set and Reset, 2X Drive 10 7-236
14 |DFFSCH DFFSC, 2X Drive 18 7-240
15 |DFFSCAH DFFSCA, 2X Drive 20 7-242
16 |DFFSP D Flip-Flop with Set 8 7-245
17 |DFFSPH DFFSP, 2X Drive 10 7-245
18 |DFFSLP D Flip-Flop w/Set, Multiplexed (or Scan) Input 12 7-247
19 [DFFSLPH DFFSLP, 2X Drive 12 7-247
20 |DFFSRPA D Flip-Flop with Synchronous Reset 9 7-249
21 |DFFSRLPA |D Flip-Flop, Multiplexed (or Scan) Input with Synchronous Reset 12 7-251
22 |DFFSSP D Flip-Flop with Synchronous Set 9 7-253
23 |DFFSSLP D Flip-Flop, Multiplexed (or Scan) Input with Synchronous Set 12 7-255
LATCHES
1 |LATN D-Type Latch, Neg Gate Latched 5 7-276
2 [LATNH LATN, 2X Drive 6 7-276
3 |LATP D-Type Latch, Pos Gate Latched 5 7-278
4 |LATPH LATP, 2X Drive 6 7-278
5 |LATRN D-Type Latch W/Reset, Neg Gate Latched 6 7-280
6 |LATRNH LATRN, 2X Drive 7 7-280
7 |LATRP D-Type Latch W/Reset, Pos Gate Latched 6 7-282
8 |LATRPH LATRP, 2X Drive 7 7-282
9 [LAT4TH LAT4TH, 2X Drive 23 7-284
10 |[LSSD1AH LSSD1A, 2X Drive 14 7-286
11 [SRLSSD1H |[SRLSSD1, 2X Drive 13 7-341
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MULTIPLEXERS
1 [MUX2A 2-1 Multiplexer, 1X Drive 3 7-291
2 |[MUX2H 2-Input Multiplexer, 2X Drive 3 7-292
3 |MUX2IH MUX2I, 2X Drive 3 7-293
4 |MUX4H 4-Input Multiplexer, 2X Drive 7 7-294
5 |[MUX41A Four 2-1 MUX with Common Select 12 7-295
6 [MUX41AH MUX41A, 2X Drive 14 7-295
7 |MUX8AH 7-Input Multiplexer, 2X Drive 18 7-296
8 [MX41 4-Input Multiplexer with individual Selects, 2X Drive 5 7-298
9 [MX41H MX41, 2X Drive 6 7-298
10 {MX61 6-Input MultiplexerW/ Individual Selects 8 7-300
11 [MX61H MX61, 2X Drive 9 7-300
12 |MX81 8-Input Multiplexer W/individual Selects 10 7-302
13 [MX81H MX81, 2X Drive 12 7-302
DECODERS
1 |DEC4H DEC4, 2X Drive 9 7-217
2 |DEC4AH 1 of 4 Decoder, Active High Outputs, 2X Drive 14 7-218
3 |DEC10OF8 1 of 8 Decoder with Enable, Active Low Outputs 16 7-219
4 |DEC8BAH 1 of 8 Decoder with Enable, Active High Outputs, 2X Drive 30 7-220
ARITHMETIC CIRCUITS
1 [AD4FULA 4-Bit Full Adder, 2X Drive 40 7-185
2 |AD4PG 4-Bit Full Adder with Propagate & Generate, 2X Drive 94 7-187
3 |ADFULH ADFUL, 2X Drive 10 7-192
4 |ADFULHA Full Adder, 2X Drive 10 7-193
5 |ADHALFH ADHALF, 2X Drive 6 7-194
6 |ECOMP4 4-Bit Equality Comparator 16 7-258
7 |[LACG4 4-bit Look-Ahead-Carry Generator 32 7-273
8 |MCOMP4 4-bit Magnitude Comparator 35 7-289
MISCELLANEOUS
1 |DCR4H 4-Bit Decrementer, 2X Drive 28 7-215
2 |DLY8 7-Stage Inverter Delay5/5 Volt 4 7-257
3 [INC4H 4-Bit Incrementer, 2X Drive 28 7-264
4 [ROT8A 8-Bit Rotate, 1X Drive 54 7-338
5 |SHIFT8 8-Bit Shift Register 45 7-340
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Single-Port RAM’s (LOW Power)

1 RSB8X8 8 word X 8bit 198 7-346
2 RSB8X18 8 word X 18bit 440 7-346
3 RSB16X8 16 word X 8bit 342 7-346
4 RSB16X18 16 word X 18bit 760 7-346
5 RSB16X36 16 word X 36 bit 1440 7-346
6 RSB32X8 32 word X 8bit 630 7-346
7 RSB32X18 32 word X 18 bit 1400 7-346
8 RSB32X36 32 word X 36 bit 2660 7-346
9 RSB64X18 64 word X 18 bit 2680 7-346
10 RSB64X36 64 word X 36 bit 5092 7-346
Dual-Port RAM’s (HIGH Speed)
1 RDB8X9 8 word X 9 bit 356 7-352
2 RDB8X18 8 word X 18 bit 608 7-352
3 RDB8X36 8 word X 36 bit 1112 7-352
4 RDB8X72 8 word X 72 bit 2156 7-352
5 RDB16X9 16 word X 9 bit 725 7-352
6 RDB16X18 16 word X 18 bit 1193 7-352
7 RDB16X36 16 word X 36 bit 2129 7-352
8 RDB16X72 16 word X 72 bit 4050 7-352
9 RDB32X9 32 word X 9 bit 1400 7-352
10 RDB32X18 32 word X 18 bit 2300 7-352
11 RDB32X36 32 word X 36 bit 4100 7-352
12 RDB32X72 32 word X 72 bit 7798 7-352
QUAD Port RAM’s
1 RQB16X18 16 word X 18 bit 2200 7-358
2 RQB16X36 16 word X 36 bit 3766 7-358
3 RQB32X18 32 word X 18 bit 4762 7-358
4 RQB32X36 32 word X 36 bit 7738 7-358
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INPUT and OUTPUT MACROS

5/5 Volt INPUTS
1 [ICl CMOS, Inverting Input 1/0 7-1
2 |BICI CMOS, Inverting Input (Input part of Bidirectional) 1/0 7-1
3 |ICN CMOS, Non-inverting Input 1/0 7-2
4 [BICN CMOS, Non-inverting Bidirectional Input 1/0 7-2
5 [ICNH CMOS, Non-inverting Clock Driver Input 11 7-2
6 [ISN CMOS Schmitt, Non-inverting Input 1/0 7-3
7 |BISN CMOS Schmitt, Non-inverting Bidirectional Input 1/0 7-3
8 [ISNH CMOS, Schmitt, Non-inverting Clock Driver Input 11 7-3
9 [ITN TTL, Non-inverting Input 1/0 7-4
10 |BITN TTL, Non-inverting Bidirectional Input 1/0 7-4
11 [ITNH TTL, Non-inverting Clock Driver Input 1/1 7-4
12 |ITSN TTL Schmitt, Non-inverting Input 1/0 7-5
13 |BITSN TTL, Schmitt, Non-inverting Bidirectional Input 1/0 7-5
14 |ITSNH TTL, Schmitt, Non-inverting Clock Driver Input 11 7-5
5/3.3 Volt INPUTS
15 [ICXN CMOS, Non-inverting Input 1/0 7-2
16 |BICXN CMOS, Non-inverting Bidirectional Input 1/0 7-2
17 |ICXNH CMOS, Non-inverting Clock Driver Input 11 7-2
18 [ISXN CMOS Schmitt, Non-inverting Input 1/0 7-3
19 |BISXN CMOS Schmitt, Non-inverting Bidirectional Input 1/0 7-3
20 [ISXNH CMOS, Schmitt, Non-inverting Clock Driver Input 11 7-3
3.3/5 Volt INPUTS
21 [ILTXN TTL, Non-inverting Input 1/0 7-4
22 |BILTXN TTL, Non-inverting Bidirectional Input 1/0 7-4
23 [ILTXNH TTL, Non-inverting Clock Driver Input 11 7-4
3.3/3.3 Volt INPUTS
1 |ILCI CMOS, Inverting Input 1/0 7-1
2 [BILCI CMOS, Inverting Bidirectional Input 1/0 7-1
3 |ILCN CMOS, Non-inverting Input 1/0 7-2
4 |BILCN CMOS, Non-inverting Bidirectional Input 1/0 7-2
5 |[ILCNH CMOS, Non-inverting Clock Driver Input 11 7-2
6 |ILSN CMOS Schmitt, Non-inverting Input 1/0 7-3
7 |BILSN CMOS Schmitt, Non-inverting Bidirectional Input 1/0 7-3
8 |[ILSNH CMOS, Schmitt, Non-inverting Clock Driver Input 11 7-3
5/5 Volt OUTPUTS

1 [ON2 3mA Standard Output 0/1 7-6
2 |ON4 6mA Standard Output [ 7-6
3 |ON8 12mA Standard Output 0/1 7-6
4 JON16 24mA Standard Output 0/1 7-6
5 |ON32 32mA Standard Output 0/1 7-6
6 |ON4S2 6mA Standard Output with Slew Control 0/1 7-9
7 |ON8S2 12mA Standard Output with Slew Control 0/1 7-9
8 [ON16S2 24mA Standard Output with Slew Control 0/1 7-9
9 [ON32S2 32mA Standard Output with Slew Control 0/1 7-9
10 JON2T 3mA 3-State Output 0/1 7-11
11 |BON2T 3mA 3-State Bidirectional Output 0/1 7-11
12 [ON4T 6mA 3-State Output 0/1 7-11
13 |BONAT 6mA 3-State Bidirectional Output (Al 7-11
14 |ONST 12mA 3-State Output 0/1 7-11
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15 |BON8T 12mA 3-State Bidirectional Output 0/1 7-11
16 [ON16T 24mA 3-State Output 0/1 7-11
17 |BON16T 24mA 3-State Bi-directional Output 0/1 7-11
18 |ON32T 48mA 3-State Output 0/1 7-11
19 [BON32T 48mA 3-State Bi-directional Output 0/1 7-11
20 |ON4TS2 6mA 3-State Output with Slew Control 0/1 7-16
21 [BON4TS2 6mA 3-State Output with Slew Control 0/1 | 7-16
22 [ON8TS2 12mA 3-State Output with Slew Control 0/1 7-16
23 |BON8BTS2 12mA 3-State Output with Slew Control (Output part of Bidirectional) 0/1 7-16
24 |ON16TS2 24mA 3-State Output with Slew Control 0/1 7-16
25 |[BON16TS2 [24mA 3-State Output with Slew Control (Output part of Bidirectional) 0/1 7-16
26 [ON32TS2 48mA 3-State Output with Slew Control 0/1 7-16
27 |BON32TS2 [48mA 3-State Output with Slew Control (Output part of Bidirectional) 0/1 7-16
28 |ON20D 3mA (Sink) Open-Drain Output 0/1 7-19
29 [ON4OD 6mA (Sink) Open-Drain Output 0/1 7-19
30 |ONBOD 12mA (Sink) Open-Drain Output 0/1 7-19
31 [BON8S8OD 12mA (Sink) Open-Drain Bidirectional Output 0/1 7-19
32 |ON160D 24mA (Sink) Open-Drain Output 0/1 7-19
33 [BON160D  [24mA (Sink) Open-Drain Bidirectional Output [ 7-19
34 |ON320D 48mA (Sink) Open-Drain Output 0/1 7-19
35 |[BON320D 48mA (Sink) Open-Drain Bidirectional Output 0/1 7-19
5/3.3 Volt OUTPUTS
1 [ONX2 3mA Standard Output 0/1 7-6
2 |ONX4 6mA Standard Output 0/1 7-6
3 [ONX8 12mA Standard Output 0/1 7-6
4 |ONX2T 3mA 3-State Output [ 7-11
5 |BONX2T 3mA 3-State Bidirectional Output 0/ 7-11
6 |ONX4T 6mA 3-State Output [A 7-11
7 |BONX4T 6mA 3-State Bidirectional Output 0/1 7-11
8 [ONX8T 12mA 3-State Output 0/1 7-11
9 |BONX8T 12mA 3-State Bidirectional Output 0/1 7-1
3.3/5 Volt OUTPUTS
1 JONLX2 2mA Standard Output 0/ 7-6
2 |ONLX4 3mA Standard Output 0/1 7-6
3 |ONLX8 6mA Standard Output 0/1 7-6
4 |ONLX16 12mA Standard Output 0/1 7-6
5 [ONLX2T 2mA 3-State Output on 7-11
6 |BONLX2T 2mA 3-State Bidirectional Output 0/1 7-11
7 |ONLX4T 3mA 3-State Output on 7-11
8 [BONLXA4T 3mA 3-State Bidirectional Output 0/1 7-11
9 JONLX8T 6mA 3-State Output 0/1 7-11
10 |BONLX8T 6mA 3-State Bidirectional Output 0/1 7-11
11 |ONLX16T 12mA 3-State Output 0/1 7-11
12 |BONLX16T |12mA 3-State Bidirectional Output 0/1 7-11
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H4CPlus Quick Reference Guide OUTPUT, OSCILLATOR and CMTL

MACROS
3.3/3.3 Volt OUTPUTS

1 |ONL2 2mA Standard Output 0/1 7-6

2 |ONL4 3mA Standard Output 0/1 7-6

3 |ONL8 6mA Standard Output 0/1 7-6

4 |ONL16 12mA Standard Output [A] 7-6

5 [ONL2T 2mA 3-State Output o1 [ 7-11

6 [BONL2T 2mA 3-State Bidirectional Output on 7-11

7 |ONL4T 3mA 3-State Output 0/1 7-11

| 8 |BONLAT 3mA 3-State Bidirectional Output 0/1 7-11
‘ 9 |ONL8T 6mA 3-State Output 0/1 7-11
10 [BONLST 6mA 3-State Bidirectional Output 01 7-11

11 [ONL16T 12mA 3-State Output 0/1 7-11

12 |BONL16T 12mA 3-State Bidirectional Output 0/1 7-11

13 |ONL4OD 3mA (Sink) Open-Drain Output 0/1 7-19

14 |ONL8OD 6mA (Sink) Open-Drain Output 01 7-19

15 |BONLBOD  [6mA (Sink) Open-Drain Bidirectional Output 0/1 7-19

16 [ONL160D 12mA (Sink) Open-Drain Output 0/ 7-19

17 [BONL160D [12mA (Sink) Open-Drain Bidirectional Output 0/ 7-19

Note: Any of the “B” prefix Outputs may be used with any of the “B” prefix Inputs (above) to form a unique Bidirec-
tional combination (with or without any of the two “pull” resistors).

5/5 Volt OSCILLATORS
1 |OSCPB Standard Oscillator 22 [ 721
2 [OSCPHB Oscillator with Clock Driver Buffer 22 | 7-21
3 |OSCPSB Oscillator with Schmitt Trigger Buffer 22 | 7-21
3.3/3.3 Volt OSCILLATORS
1 |OSCPBL Standard Oscillator 2/2 7-21
2 [OSCPHBL |Oscillator with Clock Driver Buffer 22 | 7-21
3 |OSCPSBL  |Oscillator with Schmitt Trigger Buffer 22 | 7-21
RESISTORS
1 |PUL Pull-Up, Low current/speed Resistor N/A | 7-23
2 [PDL Pull-Down, Low current/speed Resistor N/A | 7-23
Note: Any one of these two resistors may be used with any Input or Bidirectional.
5/5 Volt ANALOG PLL MACROS
1 |AP1 Analog CMOS PLL Type 1 0 | 7-362
2 |AP2 Analog CMOS PLL Type 2 0 7-362
3 |APD1 Analog PECL PLL Differential Type 1 0 7-365
4 [APD2 Analog PECL PLL Differential Type 2 0 | 7-365
5 |PLLDelay Non-Inverting Analog PLL Buffer 1 7-368
3.3/3.3 Volt ANALOG PLL MACROS
1 |APL1 Analog CMOS PLL Type 1 0 | 7-362
2 |APL2 Analog CMOS PLL Type 2 0 | 7-362
3 |APDL1 Analog PECL PLL Differential Type 1 0 7-365
4 |APDL2 Analog PECL PLL Differential Type 2 0 7-365
5 |PLLDelay Non-Inverting Analog PLL Buffer 1 7-368

MOTOROLA H4CPlus Series Design Reference Guide
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GTL, PECL and PCI MACROS H4CPlus Quick Reference Guide

5/5 Volt CMTL INPUT/OUTPUT

1 [ICMD CMTL Differential Input 1/0 | 7-24
2 |BICMD CMTL Differential Bidirectional Input 1/0 | 7-24
3 |OD32TCMT |CMTL 3-State Differential Output with Active Termination 0/1 7-25
4 IBOD32TCMT |CMTL Bidirectional 3-State Differential Output with Active Termination 0N 7-25
5 |032CM CMTL Output Single Ended 0/1 7-29
6 |OD32CMT  |CMTL 3-State Differential Output 0/ 7-27
5/3.3 Volt CMTL INPUT/OUTPUT
[ 1 |ODLX32CMT |CMTL 3-State Differential Output [ o1 [ 727}
3.3/5 Volt CMTL INPUT/OUTPUT
| 1 JODX32CM [CMTL Differential Output ] o1 ] 7-26 |
3.3/3.3 Volt CMTL INPUT/OUTPUT
1 [ILCMD CMTL Differential Input 1/0 | 7-24
2 |ODL32CMT |CMTL 3-State Differential Output 0/1 7-27
5/5 Volt GTL INPUT/OQUTPUT
1 |IGI Inverting GTL Input 1/0 7-30
2 |IGN Non-Inverting GTL Input 1/0 | 7-31
3 |BIGN Non-Inverting GTL Bidirectional Input 1/0 | 7-31
4 |ON20G GTL Output 0/1 7-32
5 |BON40G GTL Bidirectional Output 0/1 7-32
3.3/3.3 Volt GTL INPUT/OUTPUT
1 |ILGI Inverting GTL Input 1/0 | 7-30
2 [ILGN Non-Inverting GTL Input 1/0 | 7-31
3 [BILGN Non-Inverting GTL Bidirectional Input 1/0 | 7-31
4 [ONL20G GTL Output 0/1 7-32
5 |BONL40G GTL Bidirectional Output 01 7-32
5/5 Volt PECL INPUT/OUTPUT
[ 1 [iPD [PECL Differential Input [ 1/0 | 7-33 |
5/3.3 Voit PECL INPUT/OUTPUT
[ 1 JIPXD [PECL Differential Input | 1/0 ] 7-33 ]
3.3/3.3 Volt PECL INPUT/OUTPUT
{ 1 ]ILPD [PECL Differential Input | 1/0 | 7-33 |
5/5 Volt PCI INPUT/OUTPUT
1 {IPCH PCI Non-Inverting Clock Input 1/0 | 7-34
2 |ONPC PCI Standard Output 1/0 | 7-35
3 |ONTPC PCI 3-State Standard Output 1/0 7-36
4 |BONTPC PCI 3-State Bidirectional Output 1/0 | 7-36
~3.3/3.3 Volt PCI INPUT/OUTPUT
1 [ILPC PCI Non-Inverting Input 1/0 | 7-34
1 |BILPC PCI Non-Inverting Bidirectional Input 1/0 | 7-34
2 |ILPCH PCI Non-Inverting Clock Input 1/0 | 7-34
3 |[ONLPC PCl Standard Output 1/0 | 7-35
4 [ONLTPC PCI 3-State Standard Output 1/0 | 7-36
5 |BONLTPC [PCI 3-State Bidirectional Output 1/0 | 7-36
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H4CPlus Quick Reference Guide JTAG INPUT and OUTPUT MACROS

JTAG Control Macro Functions

1 |BPREG 1-Bit Bypass Register 10 7-172
2 [ENSCANI Enable Boundary scan Macro 20 7-173
3 |[IDREG 32-Bit device Identification Code Register 256 | 7-175
4 |[MC_IREG 1-Bit pf Instruction Register (Soft Macro) 25 7-177
5 |[MC_IREG4 |1-Bit pf Instruction Register (Soft Macro) 124 | 7-178
6 |FMC_TAPCA |TAP Controller (FIRM Macro) Fixed Placement which effects Routing 276 | 7-179
5/5 Volt INPUTS
1 |ICNJ CMOS, Non-inverting Input 1/0 7-105
2 [BICNJ CMOS, Non-inverting Bidirectional Input 1/0 7-73
3 [ICNCKHJ CMOS, Non-inverting Clock Driver Input 1/0 | 7-114
4 |ISNJ CMOS Schmitt, Non-inverting Input 1/0 | 7-108
5 |BISNJ CMOS Schmitt, Non-inverting Bidirectional Input 1/0 7-74
6 |ISNCKHJ CMOS Schmitt, Non-inverting Clock Driver Input 1/0 | 7-117
7 |ITNJ TTL, Non-inverting Input 10 | 7-110
8 |BITNJ TTL, Non-inverting Bidirectional Input 1/0 7-75
9 |ITNCKHJ TTL, Non-inverting Clock Driver Input 1/0 | 7-119
10 [ITSNJ TTL Schmitt, Non-inverting Input 1/0 7-112
11 |BITSNJ TTL Schmitt, Non-inverting Bidirectional Input 1/0 7-76
12 [ITSNCKHJ TTL, Schmitt, Non-inverting Clock Driver Input 1/1 7-120
5/3.3 Volt INPUTS
1 [ICXNJ CMOS, Non-inverting Input 1/0 | 7-105
2 |BICXNJ CMOS, Non-inverting Bidirectional Input 1/0 7-73
3 [ICXNCKHJ  |CMOS, Non-inverting Clock Driver Input 1/0 | 7-114
4 JISXNJ CMOS Schmitt, Non-inverting Input 1/0 | 7-108
5 [BISXNJ CMOS Schmitt, Non-inverting Bidirectional Input 1/0 7-74
6 |ISXNCKHJ |CMOS Schmitt, Non-inverting Clock Driver Input 10 | 7-117
3.3/5 Volt INPUTS
1 [ILTXNJ TTL, Non-inverting Input 1/0 | 7-110
2 |BILTXNJ TTL, Non-inverting Bidirectional Input 1/0 7-75
3 [ILTXNCKHJ |TTL, Non-inverting Clock Driver Input 1/0 | 7-119
3.3/3.3 Volt INPUTS
1 [ILCNJ CMOS, Non-inverting Input 1/0 | 7-105
2 |BILCNJ CMOS, Non-inverting Bidirectional Input 1/0 7-73
3 |ILCNCKHJ CMOS, Non-inverting Clock Driver Input 1/0 | 7-114
4 |ILSNJ CMOS Schmitt, Non-inverting Input 1/0 | 7-108
5 |BILSNJ CMOS Schmitt, Non-inverting Bidirectional Input 1/0 7-74
6 |ILSNCKHJ CMOS Schmitt, Non-inverting Clock Driver Input 1/0 | 7-117
5/5 Volt OUTPUTS
1 [ON4J 6mA Standard Output 0/1 7-121
2 [ON8J 12mA Standard Output 0/1 7-125
3 |ON16J 24mA Standard Output 0/1 7-128
4 |ON4S2J 6mA Standard Output with Slew Control 0/ 7-131
5 |ON8S2J 12mA Standard Output with Slew Control 0/ 7-131
6 |ON16S2J 24mA Standard Output with Slew Control 0/ 7-131
7 |ON4TJ 6mA 3-State Output 0/1 7-142
8 |[BN4TJ 6mA 3-State Bidirectional Output 0/1 7-83
9 [ON8TJ 12mA 3-State Output [ 7-146
10 |[BN8TJ 12mA 3-State Bidirectional Output 0/1 7-89
11 [ON16TJ 24mA 3-State Output 0/1 7-150
.|
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JTAG OUTPUT MACROS

H4CPlus Quick Reference Guide

5/5 Volt OUTPUTS (Continued)

12 [BN16TJ 24mA 3-State Bi-directional Output 0/1 7-94
13 JON4TS2J 6mA 3-State Output with Slew Control (i) 7-154
14 {BN4TS2J 6mA 3-State Output with Slew Control 0/1 7-99
15 |ON8TS2J 12mA 3-State Output with Slew Control 0N 7-154
16 |BN8TS2J 12mA 3-State Output with Slew Control (Output part of Bidirectional) 0N 7-89
17 |ON16TS2J 24mA 3-State Output with Slew Control 0/1 7-154
18 |BN16TS2J 24mA 3-State Output with Slew Control (Output part of Bidirectional) 0/1 7-99
19 |ON4ODJ 6mA (Sink) Open-Drain Output 0/1 7-135
20 |ON8BODJ 12mA (Sink) Open-Drain Output 0/1 7-138
21 [BN8ODJ 12mA (Sink) Open-Drain Bidirectional Output 0/1 7-77
22 [ON160DJ 24mA (Sink) Open-Drain Output 0/1 7-140
23 |BN160DJ 24mA (Sink) Open-Drain Bidirectional Output 0/1 7-80
5/3.3 Volt OUTPUTS
1 |[ONX4J 6mA Standard Output 0/1 7-121
2 |ONX8J 12mA Standard Output 0/1 7-121
3 |ONX4TJ 6mA 3-State Output (] 7-121
4 [BNX4TJ 6mA 3-State Bidirectional Output 0/1 7-83
5 |ONX8TJ 12mA 3-State Output 0N 7-146
6 |BNX8TJ 12mA 3-State Bidirectional Output 0/1 7-89
3.3/5 Volt OUTPUTS
1 |ONLX4J 3mA Standard Output 0/1 7-121
2 |ONLX8J 6mA Standard Output 0/1 7-125
3 |ONLX16J 12mA Standard Output 0/1 7-128
4 |ONLX4TJ 3mA 3-State Output 0/1 7-142
5 |BNLX4TJ 3mA 3-State Bidirectional Output 0/1 7-83
6 |[ONLX8TJ 6mA 3-State Output 0/1 7-146
7 |BNLX8TJ 6mA 3-State Bidirectional Output 0/1 7-89
8 [ONLX16TJ 12mA 3-State Output 0/1 7-150
9 |BNLX16TJ 12mA 3-State Bidirectional Output 0/1 7-94
3.3/3.3 Volt OUTPUTS
1 [ONL4J 3mA Standard Output 01 7-121
2 |ONL8J 6mA Standard Output 0/1 7-125
3 |ONL16J 12mA Standard Output 0N 7-128
4 |ONL4TJ 3mA 3-State Output 0/1 7-142
5 |BNL4TJ 3mA 3-State Bidirectional Output 0/1 7-83
6 [ONL8TJ 6mA 3-State Output 01 7-146
7 |BNL8TJ 6mA 3-State Bidirectional Output 0/1 7-89
8 |ONL16TJ 12mA 3-State Output 0/1 7-150
9 |BNL16TJ 12mA 3-State Bidirectional Output 0/1 7-94
10 [ONL40ODJ 3mA (Sink) Open-Drain Output 0/1 7-135
11 |ONL8ODJ 6mA (Sink) Open-Drain Output 0N 7-138
12 |BNL8ODJ 6mA (Sink) Open-Drain Bidirectional Output 0/1 7-77
13 [ONL160DJ  [12mA (Sink) Open-Drain Output [(A 7-140
14 |BNL160ODJ 12mA (Sink) Open-Drain Bidirectional Output 0/1 7-80

Note: Any of the “B” prefix Outputs may be used with any of the “B” prefix Inputs (above) to form a unique Bidirec-
tional combination (with or without any of the two “pull” resistors).
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H4CPIlus Quick Reference Guide

JTAG, OSCILLATOR, CMTL, GTL,
PECL and PClI MACROS

5/5 Volt OSCILLATORS
1 |OSCPBJ B-S Register Oscillator W/Non-Inverting 2/2 | 7-158
2 JOSCPHBJ Input/Oscillator W/Clock Buffer Input 2/2 | 7-158
3 |OSCPSB Oscillator W/Schmitt Trigger Input -JTAG 2/2 | 7-158
3.3/3.3 Volt OSCILLATORS
1 |OSCPBLJ B-S Register Oscillator W/Non-Inverting 2/2 | 7-158
2 |OSCPHBLJ |Input/Oscillator W/Clock Buffer Input 2/2 | 7-158
3 |OSCPSBLJ |Oscillator W/Schmitt Trigger Input -JTAG 2/2 | 7-158
5/5 Volt CMTL INPUT/OUTPUT
1 {ICMDJ CMTL Differential Input 1/0 7-37
2 |OD32TCMTJ |[CMTL 3-State Differential Output with Active Termination 0/1 7-38
3 |OD32CMTJ |CMTL 3-State Differential Output 0/1 7-40
3.3/3.3 Volt CMTL INPUT/OUTPUT
| 4 |ODL32CMTJ [CMTL 3-State Differential Output [ 01 ] 7-40
5/5 Volt GTL INPUT/OUTPUT
1 [IGNJ Non-Inverting GTL Input 1/0 7-42
2 |BIGNJ Non-Inverting GTL Bidirectional Input 1/0 7-44
3 |ON20GJ GTL Output 0/1 7-45
4 |BN40GJ GTL Bidirectional Output [ 7-45
3.3/3.3 VoIt GTL INPUT/OUTPUT
1 JILGNJ Non-Inverting GTL Input 1/0 7-42
2 |BILGNJ Non-Inverting GTL Bidirectional input 1/0 7-44
3 [ONL20GJ GTL Output 0/1 7-45
4 [BNL40GJ GTL Bidirectional Output 01 7-45
5/5 Voit PECL INPUT/OUTPUT
[ 1 ]IPDJ |PECL Differential Input [ 10 [ 749
5/5 Volt PCI INPUT/QUTPUT
1 |[IPCHJ PCI Non-Inverting Input 1/0 7-51
2 [ONPCJ PCI Standard Output 1/0 7-54
3 |ONTPCJ PCI 3-State Standard Output 1/0 7-56
4 [BNTPCJ PCI 3-State Bidirectional Output 1/0 7-59
3.3/3.3 Voit PCI INPUT/QUTPUT
1 [ILPCJ PCI Non-Inverting Input 1/0 7-50
1 |BILPCJ PCI Non-Inverting Bidirectional Input 1/0 7-53
2 [ILPCHJ PCI Non-Inverting Input 1/0 7-51
3 |ONLPCJ PCI Standard Output 1/0 7-54
4 |ONLTPCJ PCI 3-State Standard Output 1/0 7-56
5 |BNLTPCJ PCI 3-State Bidirectional Output 1/0 7-59

5/5 Volt TAP Inputs/Outputs Functions

1 [TCK Test Clock 1/0 7-63
2 |TCKH Test Clock, High Drive 11 7-63
3 |TCKT Test Clock, TTL Levels 1/0 7-64
4 |TCKHT Test Clock, TTL Levels, High Drive 11 7-64
5 |TDI Test Data Input 1/0 7-65
6 |TDIT Test Data Input, TTL Levels 1/0 7-66
7 [TDOUT Test Data Output 11 7-66
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JTAG TAP MACROS and
BOUNDARY SCAN MACROS

H4CPlus Quick Reference Guide

8 est Mode Select

9 |[TMST Test Mode Select, TTL Levels 1/0 7-68

10 |TRSTB Test Reset (Bar) 1/0 7-69

11 [TRSTBT Test Reset (Bar), TTL Levels 1/0 7-70

5/3.3 Volt TAP Inputs/Outputs Functions

1 |TCKX Test Clock 1/0 7-63

2 |TCKHX Test Clock, High Drive {74l 7-63

3 (TCKTX Test Clock, TTL Levels 1/0 7-64

4 |TCKHTX Test Clock, TTL Levels, High Drive 11 7-64

5 [TDIX Test Data Input 1/0 7-65

6 |[TDITX Test Data Input, TTL Levels 1/0 7-65

7 |TDOUTX Test Data Output 11 7-71

8 |TMSX Test Mode Select 1/0 7-67

9 |[TMSTX Test Mode Select, TTL Levels 1/0 7-68

10 |TRSTBX Test Reset (Bar) 1/0 7-69

11 [TRSTBTX |Test Reset (Bar), TTL Levels 1/0 7-70

3.3/5 Volt TAP Inputs/Outputs Functions

1 |TCKLTX Test Clock, TTL Levels 1/0 7-64

2 |TCKHLTX |[Test Clock, TTL Levels, High Drive 11 7-64
3 |TDILTX Test Data Input, TTL Levels 1/0 7-66

4 |[TDOUTLX |[Test Data Output il 7-71

5 |TMSLTX Test Mode Select, TTL Levels 1/0 7-68

6 |TRSTBTX |[Test Reset (Bar),TTL Levels 1/0 7-70

3.3/3.3 Volt TAP Inputs/Outputs Functions

1 |TCKL Test Clock 1/0 7-63

2 |TCKHL Test Clock, High Drive 11 7-63

3 |(TDIL Test Data Input 1/0 7-65

4 |TDOUTL Test Data Output 11 7-71

5 |[TMSL Test Mode Select 1/0 7-67

6 |[TRSTBL Test Reset (Bar) 1/0 7-69

Miscellaneous Boundary-Scan Macrocells

1 [CKDRMID |B-S Register Clock Driver -JTAG 0 7-161
2 |[CKDRCC1 |B-S Register Clock Driver -JTAG 0 7-162
3 [CKDRCC2 |B-S Register Clock Driver -JTAG 0 7-163
4 |ENSCANJ |B-S Register Enable Scan Macro -JTAG 0 7-170
5 |IMCDR B-S Register Input Mode Control Driver -JTAG 0 7-164
6 |OMCDR B-S Register Output Mode Control Driver -JTAG 0 7-165
7 |ISOR Clock Net ISO and Test Data Resync- JTAG 1/0 7-166
8 [SHDR, B-S Register Shift Driver -JTAG 0 7-167
9 |(TDBUF B-S Register Test Data Buffer -JTAG 1/0 7-168
10 |UDDR B-S Register Update Driver -JTAG 0 7-169
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SECTION 7. H4CP SERIES MACRO COMPOSITES

Section 7.1 Periphery Cells (Inputs/Outputs/Bidirectionals)

Inverting CMOS Inputs and Bidirectional Input
(3.3 V and 5 V System/Core Voltage)

MACRO | SECTIONS USED

ICI/ILCI 1/0
BICI/BILCI 1/0

Rev. 1.07

MACRO | OUTPUTS/INPUTS

ICI/ILCL Di/PAD,IC
BICI/BILCI DI /BC

MACRO INPUT CAP.

ICI/ILCI PAD: 5.29pF
BICI/BILCI BC: 0.39pF

CMOS SWITCHING CHARACTERISTICS

Function Table

PAD

DI

L
H

H
L

5/5V

3.333V

XXX
PAD

ICI/BICI ILCI/BILCI .

I MOTOROLA TECHNICAL DATA I

ICI/BICI

ILCI/BILCI

ICI/I1LC |

BICI/BILCI

BC lr—DO—-DI

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
s P " 5/5V 3333V
ym arameter FO=0 | FO=2 | FO=8 | K(ns/pF) | FO=0 | FO=2 | FO=8 [ K (ns/pF)
ICi/BICI ILCVBILCI
tpLy | Propagation Delay, 0.18 0.19 0.23 0.12 023 | 024 | 0.29 0.15
tpy. |PADto DI 0.16 0.18 0.22 0.15 020 | 022 0.27 0.18
t; Output Rise Time, DI 0.18 0.20 0.27 0.24 0.20 0.23 0.33 0.33
t Output Fall Time, DI 0.17 0.19 0.25 0.18 0.15 0.18 0.25 0.24
Capacitance per fanout = 0.05 pF (metal capacitance is not included).
H4CPlus Series Design Reference Guide MOTOROLA
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ICN/BICN/ICNH

I MMOTOROLA TECHNICAL DATA

Non-Inverting CMOS Inputs, Bidirectional  5/5V ICN/BICN/ICNH
Inputs and Clock Inputs 5/3.3V  ICXN/BICXN/ICXNH
(3.3 Vand 5 V System/Core Voltage) 3.3/3.3V ILCN/BILCN/ILCNH
MACRO SECTIONS USED MACRO | SECTIONS USED ICN /ICXN/ILCN
ICN/ICXN/ILCN 1/0 ICNH/ICXNH/ " XXX
BICN/BICXN/ ILCNH PAD . DI
1/0 x
BILCN Rev. 1.07 %3 Ic
Rev. 1.07 MACRO | OUTPUTS/INPUTS
MACRO OUTPUTS/INPUTS ICNH/ILCNH DI/ PAD,IC ICNH / ICXNH / ILCNH
ICN/ICXN/ILCN DI/ PAD,IC XXX
BICN/BICXN/ o/ BC MACRO INPUT CAP. PAD & DI
BILCN %
ICNH/ILCNH PAD: 5.16pF X IC
MACRO INPUT CAP. Function Table BICN/BICXN / BILCN
ICN/ICXN/LCN PAD: 5.06pF PAD || DI >_ DI
BICN/BICXN/ i Tt BC ¥
BILCN BC: 0.10pF " "
CMOS SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
Sym Parameter S5V S5V
d FO=0 L FO=2 l FO=8 | K (ns/pF) | FO=0 ] FO=25 | FO=50 | K (ns/pF)
ICN/BICN ICNH
tpLy |Propagation Delay, 0.35 0.36 0.39 0.11 0.38 0.47 0.55 0.07
to. |PAD to DI 036 | 037 | 042 0.15 0.41 050 | 0.58 0.07
t, |Output Rise Time, DI 013 | 015 | 023 0.25 016 | 028 | 0.39 0.09
1, |Output Fall Time, DI 012 | 014 | 0.20 0.20 0.21 0.30 | 0.39 0.07

Capacitance per fanout = 0.05 pF (metal capacitance is not included).

CMOS SWITCHING CHARACTERISTICS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
Sym parameter 5/3.3V 3.3/33V
FO=0 | FO=2 | FO=8 [K(ns/pF) FO=0 | FO=2 | FO=8 | K (ns/pF)
ICXN/BICXN ILCN/BILCN

tpiy | Propagation Delay,
to.  |PAD to DI

0.39 0.41 0.45 0.15

0.45 0.46 0.51 0.15

0.44 0.46 0.52 0.19

0.48 0.50 0.56 0.19

t,  [Output Rise Time, DI

0.15 0.19 0.29 0.35

0.17 0.21 0.31 0.34

t Output Fall Time, DI

0.13 0.16 0.23 0.25

0.17 0.20 0.27 0.24

Capacitance per fanout = 0.05 pF (metal capacitance is not included).

CMOS SWITCHING CHARACTERISTICS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
5/3.3V 3.3/33V
Sym Parameter
FO=0 | FO=25 [ Fo=501 K (ns/pF) | FO=0 | FO=25 | FO=50 | K (ns/pF)
ICXNH ILCNH
tpLy | Propagation Delay, 0.31 0.38 0.45 0.05 0.50 0.61 0.72 0.09

PAD to DI

0.26 0.36 0.47 0.09

0.51 0.61 0.72 0.09

t,  |Output Rise Time, DI

0.18 0.36 0.54 0.14

0.20 0.36 0.53 0.13

ty  |Output Fall Time, DI

0.20 0.37 0.54 0.14

0.22 0.35 0.48 0.10

Capacitance per fanout = 0.05 pF (metal capacitance is not included).

MOTOROLA
7-2

H4CPlus Series Design Reference Guide




I OTOROLA TECHNICAL DATA

ISN/BISN/ISNH

Non-Inverting CMOS Schmitt Trigger 5/5V ISN/BISN/ISNH
Inputs and Bidirectional Input 5/3.3V ISXN/BISXN/ISXNH
(3.3 V and 5 V System/Core Voltage) 3.3/3.3V ILSN/BILSN/ILSNH
ISN/ISXN/ILSN
MACRO SECTIONS USED MACRO SECTIONS USED
ISNASXN/ILSN 170 ISNH/ASXNH/ " XXX . DI
BISN/BISXN/ 70 ILSNH PAD % .
BILSN Rev. 1.07 !
Rev. 1.07 MACRO | OUTPUTS/INPUTS
MACRO OUTPUTS/INPUTS ISNH/ILSNH DI/ PAD,IC ISNH /ISXNH / ILSNH
ICN/ICXN/ILCN DI/ PAD,IC XXX . DI
BISN/BISXN/ DI/ BC MACRO INPUT CAP. PAD M. b
BILSN ISNF/ILSNH PAD: 5.20 = Ic
: 5.20pF
MACRO INPUT CAP. Function Table BISN/BISXN /BILSN
ISN/ISXN/ILSN PAD: 5.08pF 5A0 T DI
BISN/BISXN/ T - BC ™ DI
BILSN BC: 0.12pF no |l o
CMOS SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
s Parameter S5V 55V
m aram
y FO=0 | FO=2 | FO=8 | K (ns/pF) | FO=0 I FO=25 | Fo=so| K (ns/pF)
ISN/BISN ISNH
tpy | Propagation Delay, 0.55 0.56 0.59 0.11 0.49 0.54 0.59 0.04
tpy. |PADto DI 0.80 0.82 0.87 0.18 0.90 0.99 1.08 0.07
t,  |Output Rise Time, DI 0.16 0.18 0.26 0.25 0.20 0.34 0.48 0.11
t;  |Output Fall Time, DI 0.27 0.29 0.35 0.20 0.35 0.49 0.64 0.12
Capacitance per fanout = 0.05 pF (metal capacitance is not included).
CMOS SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
5/3.3V 3.3)33V
Sym Parameter
FO=0 | FO=2 | FO=8 | K (ns/pF) | FO=0 | FO=2 [ FO=8 | K (ns/pF)
ISXN/BISXN ILSN/BILSN
tpiy | Propagation Delay, 0.48 0.50 0.55 0.16 0.65 0.66 0.71 0.17
tpy. |PADto DI 0.98 1.01 1.08 0.24 1.07 1.09 1.16 0.24
t,  |Output Rise Time, DI 0.16 0.20 0.32 0.39 0.20 0.24 0.34 0.34
t, |Output Fall Time, DI 0.39 0.41 0.49 0.25 0.31 0.34 0.41 0.26
Capacitance per fanout = 0.05 pF (metal capacitance is not included).
CMOS SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
5/3.3V 3.3/3.3V
Sym Parameter
FO=0 | FO=25 | FO=50 ’ K (ns/pF) | FO=0 | FO=25 | FO=50 ] K (ns/pF)
ISXNH ILSNH
tpy |Propagation Delay, 0.46 0.52 0.59 0.05 0.59 0.66 0.73 0.06
tpyL |PAD to DI 0.93 1.04 1.16 0.09 1.26 1.37 1.49 0.09
t, |Output Rise Time, DI 0.21 0.38 0.56 0.14 0.25 0.42 0.59 0.14
t  |Output Fall Time, DI 0.44 0.60 0.76 0.13 0.52 0.69 0.86 0.14

Capacitance per fanout = 0.05 pF (metal capacitance is not included).

H4CPlus Series Design Reference Guide MOTOROLA
7-3



ITN/BITN/ITNH

RN IOTOROLA TECHNICAL DATA

Non-Inverting TTL Inputs and Bidirectional 5/5V ITN/BITN/ITNH
Input and Clock Inputs 3.3/5V ILTXN/BILTXN/ILTXNH
(3.3 Vand 5 V System/Core Voltage)
ITN/ILTXN
MACRO | SECTIONS USED MACRO | SECTIONS USED
ITN/ILTXN 10 TTNH ] XXX - DI
BITN/BILTXN 110 Rev. 1.07 PAD i c
Rev. 1.07 MACRO | OUTPUTS/INPUTS
MACRO | OUTPUTS/INPUTS TN DI/ PAD.IC ITNH £ ILTXNH
ITNALTXN DI/ PAD,IC
BITN/BILTXN DI/BC MACRO |  INPUT CAP. XXX 2 >___ DI
PAD b
TNH : 5. ol
MACRO INPUT CAP. l FAD: 5007 X1
ITN/LTXN PAD: 5.05pF BITN / BILTXN
BITN/BILTXN BC: 0.09pF Function Table
PAD [[ DI DI
L L BC n—>—
H H

CMOS SWITCHING CHARACTERISTICS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
s P 5/5V 335V
ym arameter FO=0 | FO=2 | FO=8 | K(ns/pF) | FO=0 | FO=2 | FO=8 | K (ns/pF)
ITN/BITN ILTXN/BILTXN
tpiy  |Propagation Delay, 0.29 0.31 0.34 0.1 0.29 0.31 0.34 0.11
tpy.  |PADto DI 0.64 065 [ 071 0.18 064 | 065 | 071 0.18
t, Output Rise Time, DI 0.12 0.15 0.22 0.24 0.12 0.15 0.22 0.24
t Output Fall Time, DI 0.28 0.30 0.36 0.20 0.28 0.30 0.36 0.20
7 Capacitance per fanout = 0.05 pF (metal capacitance is not included).

CMOS SWITCHING CHARACTERISTICS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
5/5V 335V
Sym Parameter
FO=0 | FO=25 ] FO=50 | K (ns/pF) | FO=0 [ F0=25J FO=50 | K (ns/pF)
ITNH ILTXNH
tpLy  |Propagation Delay, 0.49 0.55 0.62 0.05 0.48 0.48 0.49 0.04
tpy  |PAD to DI 0.80 0.89 0.98 0.07 0.76 0.77 0.79 0.07
t, Output Rise Time, DI 0.11 0.23 0.35 0.09 0.1 0.13 0.16 0.11
t Output Fall Time, DI 0.19 0.29 0.39 0.08 0.20 0.21 0.25 0.12
Capacitance per fanout = 0.05 pF (metal capacitance is not included).
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ITSN/BITSN

I  MOTOROLA TECHNICAL DATA I

Non-Inverting TTL Schmitt Trigger Input 5/5V ITSN/BITSN
(5 V System/Core Voltage)

Function Table
PAD || DI

MACRO | SECTIONS USED

ITSN 1/0 T T ITSN i

BITSN 1/0 H H |
Rev. 1.07 XXX . DI

MACRO | OUTPUTS/INPUTS PAD X c ;

ITSN DI/ PAD,IC i

BITSN DI/ BC ‘ |

BITSN !

MACRO INPUT CAP.
TSN PAD: 5.17pF BC D_D_ DI |
BITSN BC:0.21pF ‘

CMOS SWITCHING CHARACTERISTICS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07

Sym Parameter add

Y FO=0 | FO=2 | FO=8 | K(ns/pF)

ITSN/BITSN

tpiy  |Propagation Delay, 0.47 0.48 0.51 0.11
tp.  |PAD to DI 1.03 1.05 1.10 0.19

t, Output Rise Time, DI 0.13 0.16 0.23 0.25

t Output Fall Time, DI 0.33 0.35 0.41 0.20

Capacitance per fanout = 0.05 pF (metal capacitance is not included).
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ONn ONXn ONLXn ONLn

— MOTOROLA TECHNICAL DATA I

Output Buffers 5/5V ONn
(3.3 Vand 5 V System/Core Voltage) 5/3.3V ONXn
3.3/5V ONLXn
MACRO SECTIONS USED 3.3/3.3V ONLn
Al [l
RevTo7 n=2, 4, 8, 16 or 32
MACRO OUTPUTS/INPUTS
Al PAD/DO
Function Table
MACRO INPUT CAP. 50 || PAD ONn /ONXn/ONLXn / ONLn
ON2,0NL2 DO: 0.28pF s
H H |
ONLX2 DO: 0.30pF DO > o W XXX
ON4,0NL4 DO: 0.39pF >< PAD
ONLX4 DO: 0.54pF —
ONB,ONL8 DO: 0.56pF
ON16,0NLX16,0NL16 DO: 0.90pF
ON32 DO: 1.66pF
ONX2,0NX4 DO: 0.40pF
ONX8 DO: 0.47pF
ONLX8 DO: 0.75pF
CMOS SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
s p ) 5/5V 3355V
ym arameter PF=0 | pF=50 | pF=100| K (ns/pF) | pF=0 | pF=50 | pF=100 | K (ns/pF)
ON2 ONLX2
tpiy |Propagation Delay, 0.41 492 | 9.43 0.09 0.89 | 485 | 8.80 0.08
tpyL | PO to PAD 038 | 627 | 12.15 012 | o035 | 447 | 859 0.08
t, |Output Rise Time, PAD 0.22 | 10.61 | 21.00 0.21 0.36 | 9.34 | 18.33 0.18
tp  |Output Fall Time, PAD 0.23 11.80 | 23.37 0.23 0.18 9.55 18.92 0.19
ON4 ONLX4
tpy | Propagation Delay, 0.59 2.86 5.12 0.05 0.55 2.79 5.03 0.04
tpy, |POto PAD 058 | 256 | 4.55 0.04 041 | 248 | 454 0.04
t. _|Output Rise Time, PAD 0.28 541 | 10.55 0.10 026 [ 531 | 1037 0.10
t  {Output Fall Time, PAD 0.30 4.08 7.87 0.08 0.18 | 4.84 9.50 0.09
ON8 ONLX8
tpiy |Propagation Delay, 0.43 1.74 3.05 0.03 0.77 2,19 3.61 0.03
tp |PO to PAD 075 | 203 | 3.32 0.03 0.68 | 1.87 | 3.07 0.02
t, _ |Output Rise Time, PAD 0.21 313 | 6.06 0.06 053 | 346 | 6.40 0.06
t; _ |Output Fall Time, PAD 046 | 3.29 6.11 0.06 048 | 279 5.10 0.05
ON16 ONLX16
tpLy  |Propagation Delay, 0.52 1.39 2.27 0.02 0.76 2.18 3.60 0.03
tpp, |PQ to PAD 064 | 153 | 242 0.02 050 | 120 | 1.90 0.01
t, |Output Rise Time, PAD 0.36 2.09 3.81 0.03 0.50 | 3.44 6.38 0.06
t  |[Output Fall Time, PAD 0.42 1.87 3.32 0.03 039 | 159 2.79 0.02
ON32
tpuy  |Propagation Delay, 0.34 0.84 1.34 0.01 N/A
tpy. |DO to PAD 0.54 1.08 1.61 0.01
t,  |Output Rise Time, PAD 0.38 1.33 2.29 0.02
t;  |Output Fall Time, PAD 0.72 1.33 1.93 0.01
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ONn ONXn ONLXn ONLn

I MIOTOROLA TECHNICAL DATA I

CMOS SWITCHING CHARACTERISTICS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
s P ' 5/3.3V 3.3/3.3V
ym arameter PF=0 | pF=50 | pF=100 | K (ns/pF) | pF=0 | pF=50 | pF=100 | K (ns/pF)
ONX2 ONL2
tpy |Propagation Delay, 0.70 5.19 9.69 0.09 0.55 6.95 13.35 0.13
tpy | PO to PAD 086 | 656 | 12.27 0.11 053 | 7.58 | 14.63 0.14
t, |Output Rise Time, PAD 049 | 10.87 | 21.26 0.21 0.32 | 14.63 | 28.93 0.29
t  |Output Fall Time, PAD 0.54 | 12.10 | 23.66 0.23 0.31 | 14.40 | 28.49 0.28
' ONX4 ONL4
ten | Propagation Delay, 1.02 | 328 | 555 0.05 075 | 395 | 7.16 0.06
o | DO to PAD 086 | 379 | 673 0.06 073 | 3.12 5.50 0.05
t, |Output Rise Time, PAD 047 | 558 | 10.68 0.10 032 | 743 | 1453 0.14
t |Output Fall Time, PAD 036 | 611 | 11.87 0.12 035 | 496 | 9.58 0.09
ONX8 ONLS8
teuy | Propagation Delay, 1.06 2.49 3.92 0.03 0.57 2.41 4.25 0.04
tpy,  |PO to PAD 115 | 272 | 4.29 003 | 095 | 249 | 4.03 0.03
t, _ |Output Rise Time, PAD 0.70 3.57 6.43 0.06 025 | 428 | 832 0.08
t__ |Output Fall Time, PAD 0.58 3.40 6.23 0.06 0.56 | 3.98 7.41 0.07
ONL16
tpiy  |Propagation Delay, 0.71 1.89 3.08 0.02
tor | DO to PAD N/A 082 | 188 | 2.95 0.02
t, |Output Rise Time, PAD 046 | 280 | 5.5 0.05
t Output Fall Time, PAD 0.52 2.26 4.01 0.03

TTL SWITCHING CHARACTERISTICS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
5/5V 3355V
Sym Parameter
PF=0 | pF=50 [ pF=100 | K (ns/pF) | pF=0 | pF=50 | pF=100 | K (ns/pF)
ON2 ONLX2
tpiy |Propagation Delay, 0.36 2.63 4.90 0.05 0.87 3.90 6.94 0.06
tp | PO to PAD 045 | 958 | 18.71 0.18 037 | 554 | 1072 0.10
t,  [Output Rise Time, PAD 0.22 | 10.61 | 21.00 0.21 036 | 9.34 | 18.33 0.18
t__|Output Fall Time, PAD 023 | 11.80 | 23.37 0.23 018 | 955 [ 18.92 0.19
ON4 ONLX4
tpiy |Propagation Delay, 0.53 1.69 2.85 0.02 0.53 | 2.25 3.98 0.03
tp.  |PO to PAD 0.63 3.70 6.76 0.06 0.43 | 3.02 5.62 0.05
t, _ |Output Rise Time, PAD 0.28 541 | 10.55 0.10 0.26 | 531 | 1037 0.10
t;  [Output Fall Time, PAD 0.30 4.08 7.87 0.08 0.18 | 4.84 9.50 0.09
ON8 ONLX8
tpry | Propagation Delay, - 0.37 1.06 1.75 0.01 0.71 1.84 2.98 0.02
tp  |PO to PAD 0.84 276 4.68 0.04 073 | 2.18 3.63 0.03
t,__ |Output Rise Time, PAD 0.21 3.13 6.06 0.06 053 | 3.46 6.40 0.06
ty  |Output Fall Time, PAD 0.46 3.29 6.11 0.06 0.48 | 279 5.10 0.05
H4CPlus Series Design Reference Guide MOTOROLA
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ONn ONXn ONLXn ONLn

I VOTOROLA TECHNICAL DATA I

TTL SWITCHING CHARACTERISTICS

- (Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
s p ) - 5/5V 335V
ym arameter PF=0 | pF=50 | pF=100| K (ns/pF) | pF=0 | pF=50 | pF=100] K (ns/pF)
ON16 ONLX16
tpry  |Propagation Delay, 0.40 0.91 1.42 0.01 0.70 1.83 2.96 0.02
tor  |POto PAD 073 | 202 | 3.30 0.03 054 | 137 | 2.19 0.02
t,  |Output Rise Time, PAD 036 | 209 | 381 0.03 050 | 344 | 6.38 0.06
t, |Output Fall Time, PAD 0.42 1.87 3.32 0.03 039 | 1.59 2.79 0.02
ON32
tpiy  |Propagation Delay, 0.14 0.44 0.74 0.01
tpyy, |00 to PAD 067 | 1.41 2.15 0.01 N/A
t, _|Output Rise Time, PAD 0.38 1.33 2.29 0.02
t Output Fall Time, PAD 0.72 1.33 1.93 0.01

TTL SWITCHING CHARACTERISTICS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
5/3.3V 3.3/3.3V
Sym Parameter
pF=0 | pF=50 [pF=1oo | K (ns/pF) | pF=0 | pF=50 | pF=1 oo] K (ns/pF)
ONX2 ONL2
tpLy | Propagation Delay, 0.59 2.85 5.1 0.05 052 | 548 | 1043 0.10
tpy,  |DO to PAD 1.01 9.96 | 1891 0.18 057 | 923 [ 17.90 0.17
" t, |Output Rise Time, PAD 049 | 10.87 | 21.26 0.21 032 | 14.63 | 28.93 0.29
t  [Output Fall Time, PAD 054 | 12.10 | 23.66 0.23 0.31 | 1440 | 28.49 0.28
ONX4 ONL4
touy | Propagation Delay, 0.92 208 | 3.25 0.02 072 | 3.21 5.69 0.05
tpy, |00 to PAD 095 | 551 | 10.07 0.09 076 | 368 | 6.60 0.06
t, |Output Rise Time, PAD 0.47 558 | 10.68 0.10 032 | 7.43 | 1453 0.14
t;  |Output Fall Time, PAD 0.36 6.11 11.87 0.12 035 | 4.96 9.58 0.09
ONX8 ONLS8
tpry | Propagation Delay, 0.85 1.70 2.54 0.02 0.55 1.99 3.42 0.03
tpy | PO to PAD 127 | 364 | 6.01 0.05 100 | 285 | 470 0.04
tp  [Output Rise Time, PAD 0.70 3.57 6.43 0.06 025 | 4.28 8.32 0.08
t, _ |Output Fall Time, PAD 0.58 3.40 6.23 0.06 0.56 | 3.98 7.41 0.07
ONL16
tpLH | Propagation Delay, 0.65 1.61 2.57 0.02
tp | PO to PAD N/A 087 | 213 | 338 0.03
t,  |Output Rise Time, PAD 0.46 | 2.80 5.15 0.05
t,  |Output Fall Time, PAD 052 | 2.26 4.01 0.03

i MOTOROLA H4CPlus Series Design Reference Guide
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ONnS2 ﬁ'*‘

I /OTOROLA TECHNICAL DATA

i
Output Buffers 5/5V ONNnS2 !
with Slew Rate Control (S2) n=4, 8, 16 or 32
(5 V System/Core Voltage)
|
MACRO | SECTIONS USED Function Table
Al on DLO PﬁD
Rev. 1.07 H H ONNS2
MACRO | OUTPUTS/INPUTS
Al PAD /DO Do o B XXX
X PAD
MACRO INPUT CAP. d
ON4S2 DO: 0.39pF
ONB8S2 DO: 0.60pF
ON16S2 DO: 0.90pF
ON3252 DO: 1.66pF
CMOS SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
S P et S5V
m arameter
v pF=0 | pF=50 | pF=100 | K(nsiph)
ON4S2
tpiy  |Propagation Delay, 1.30 3.66 6.01 0.05
oy, |POto PAD 1.04 3.08 5.13 0.04
t,_ |Output Rise Time, PAD 0.61 5.69 10.77 0.10
t Output Fall Time, PAD 0.48 4.24 7.99 0.G8
ON8Ss2
tpy  |Propagation Delay, 1.11 2.62 4.12 0.03
tpy,  |POto PAD 1.22 2.61 4.01 0.03
t, Output Rise Time, PAD 0.70 3.60 6.49 0.06
t Output Fall Time, PAD 0.66 3.50 6.33 0.06
ON16S2
tpiy | Propagation Delay, 1.25 2.31 3.36 0.02
tp,  |POto PAD 1.02 2.01 3.00 0.02
tr Output Rise Time, PAD 0.69 2.48 4.26 0.04
t Output Fall Time, PAD 0.56 2.04 3.563 0.03
ON32S2
tpiyy  |Propagation Delay, 1.15 1.80 2.46 0.01
tpn, | DO to PAD 0.92 1.50 2.07 0.01
t Output Rise Time, PAD 0.98 1.80 2.62 0.02
t Output Fall Time, PAD 0.76 1.49 2.22 0.01
H4CPlus Series Design Reference Guide MOTOROLA
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ONnS2

I MOTOROLA TECHNICAL DATA I

TTL SWITCHING CHARACTERISTICS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
5/5V
Sym Parameter PF=0 | pF=50 | pF=100 | K(ns/pF)
ON4S2
tpLp Propagation Delay, 1.13 2.42 3.70 0.03
tpy,  |DOto PAD 1.13 4.25 7.37 0.06
t, Output Rise Time, PAD 0.61 5.69 10.77 0.10
t Output Fall Time, PAD 0.48 4.24 7.99 0.08
ON8Ss2
teLn Propagation Delay, 0.89 1.79 2.70 0.02
tpy,  |DOto PAD 1.35 3.38 5.40 0.04
t Output Rise Time, PAD 0.70 3.60 6.49 0.06
t Output Fall Time, PAD 0.66 3.50 6.33 0.06
ON16S2
teLH Propagation Delay, 1.04 1.71 2.39 0.01
oy |POto PAD 1.14 2.54 3.93 0.03
t, Output Rise Time, PAD 0.69 2.48 4.26 0.04
t Output Fall Time, PAD 0.56 2.04 3.53 0.03
ON32s2
teLH Propagation Delay, 0.93 1.35 1.76 0.01
tp |0 to PAD 1.18 1.91 2.65 0.01
t, Output Rise Time, PAD 0.98 1.80 2.62 0.02
1 Output Fall Time, PAD 0.76 1.49 2.22 0.01

NOTE:

The H4CPlus Series user has the option to configure outputs with slew rate control to slow down the output edge rates of signals
going off-chip. This feature helps to decrease system noise and overshoot/undershoot of the output signals caused by fast rise
or fall times. The S2 option has up to 10% reduction in slew rate.

MOTOROLA H4CPlus Series Design Reference Guide
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ONNT/BONNT ONXnT/BONXnT ONLXnT/BONLXNT ONLnT/BONLNT

I OTOROLA TECHNICAL DATA I

5/5V ONNnT/BONNT
5/3.3V ONXnT/BONXnT
3.3/5V ONLXNT/BONLXnT

3-State Outputs and Bidirectional Outputs
(3.3 V and 5 V System/Core Voltage)

3.333V

ONLNnT/BONLNT

MACRO SECTIONS USED
ONNT/ONXNT/ONLXnT/ONLNT 0/1 n=2, 4, 8, 16 or 32
BONNT/BONXNT/BONLXnT/BONLNT 0/1
Rev. 1.07 ONNT/ ONXnT /ONLXnT / ONLnT
MACRO OUTPUTS/INPUTS
ONNT/ONXnT/ONLXnT/ONLRT PAD /DO,EN DO ‘-} XXX
BONNT/BONXnT/BONLXNT/BONLNT BIC/DO,EN X T PAD
MACRO INPUT CAP. EN
ON2T,BON2T,ON4T,BON4T,ONST,BONST, BONNT / BONXnT / BONLXnT / BONLNT
ONX2T,BONX2T,ONX4T,BONX4T,ONX8T,BONX8T, DO: 0.24pF
ONLX2T,BONLX2T,ONLX4T,BONLX4T,ONLX8T, EN: 0.19pF DO > II XXX
BONLX8T,ONL2T,BONL2T,ONL4T,BONLAT, l E T PAD
ONL8T,BONL8T BIC L=
N16T,BON16T,ONLX16T,BONLX16T,
one OONS169I',BOXNE16‘BI'O ° DOEN: 0.24pF EN
Function Table
MACRO OUTPUT CAP. 56T &N T FAD
ON2T,BON2T,ON4T,BON4T, ONX2T,BONX2T, T T Z
ONXAT,BONXAT,ONLX2T,BONLX2T,ONLX4T, PAD: 4.96pF L H L
BONLX4T,ONL2T,BONL2T,ONL4T,BONL4T : h f‘
ONBT,BONST,ONX8T,BONX8T,ONL8T,BONL8T PAD: 5.10pF
ON16T,BON16T,ONLX8T,BONLX8T,ONLX16T, PAD: 5.76pF
BONLX16T,ONL16T,BONL16T
ON32T,BON32T PAD: 9.52pF
CMOS SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
s P t 55V 33/5V
ym arameter PF=0 | pF=50 | pF=100 | K (ns/pF) | pF=0 | pF=50 | pF=100] K (ns/pF)
ON2T/BON2T ONLX2T/BONLX2T
tpy  |Propagation Delay, 0.64 5.15 9.66 0.09 1.10 5.05 9.00 0.08
tp |0 to PAD 0.66 | 654 | 12.43 0.12 064 | 476 | 888 0.08
tprz _|Propagation Delay, 0.34 0.34 0.35 0.00 0.62 0.63 0.63 0.00
tpz. |ENto PAD 0.47 6.35 | 12.24 0.12 052 | 4.64 8.76 0.08
tpzn |Propagation Delay, 0.56 5.07 9.58 0.09 1.03 4,98 8.93 0.08
tpyz |ENto PAD 0.64 0.64 0.65 0.00 1.03 | 1.03 1.04 0.00
t,  |[Output Rise Time, PAD 0.23 | 10.60 | 20.98 0.21 0.42 | 927 | 18.12 0.18
t  |Output Fall Time, PAD 024 | 11.79 | 23.35 0.23 019 | 9.54 | 18.89 0.19
ON4T/BON4T ONLX4T/BONLX4T
toiy | Propagation Delay, 0.84 3.11 5.37 0.05 091 [ 3.15 5.39 0.04
tpp | PO to PAD 0.85 2.84 4.82 0.04 0.80 | 2.87 4.93 0.04
tpiz |Propagation Delay, 0.78 0.79 0.79 0.00 0.84 | 0.85 0.85 0.00
tpz. |ENto PAD 0.69 2.68 4.66 0.04 0.75 | 2.81 4.88 0.04
tpzH _|Propagation Delay, 0.77 3.03 5.30 0.05 0.83 3.07 5.31 0.04
tpyz |ENto PAD 0.77 0.77 0.78 0.00 0.83 | 0.83 0.84 0.00
t,  |Output Rise Time, PAD 0.31 538 | 10.44 0.10 0.31 | 534 | 10.37 0.10
t, |Output Fall Time, PAD 0.32 4.07 7.83 0.08 0.30 | 3.38 6.47 0.06
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I IOTOROLA TECHNICAL DATA I

CMOS SWITCHING CHARACTERISTICS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
5/5V 33/5V
Sym Parameter
pF=0 [ pF=50 [ pF=100 [ K (ns/pF) | pF=0 | pF=50 [ PF=100 | K (ns/pF)
ONST/BONST ONLX8T/BONLXST
tpiy  |Propagation Delay, 0.78 2.09 3.40 0.03 1.08 | 2.50 3.92 0.03
tpy  |POto PAD 087 | 215 | 344 003 fos8o | 199 | 3.19 0.02
tpiz [Propagation Delay, 0.62 0.62 0.63 0.00 0.84 | 0.85 0.85 0.00
tpz. |ENto PAD 0.66 1.95 3.23 0.03 0.74 1.94 3.13 0.02
tpzH | Propagation Delay, 069 | 200 | 331 0.03 0.99 | 241 3.83 0.03
tpyz |ENto PAD 0.96 0.96 0.97 0.00 0.99 0.99 1.00 0.00
t,  |Output Rise Time, PAD 0.22 3.15 6.08 0.06 0.48 | 3.52 6.56 0.06
t Output Fall Time, PAD 0.34 2.77 5.20 0.05 0.30 2.36 4.42 0.04
ON16T/BON16T ONLX16T/BONLX16T
tpi  |Propagation Delay, 0.82 1.70 2,57 0.02 0.99 | 2.41 3.83 0.03
oy |POto PAD 097 | 186 | 275 0.02 079 | 149 [ 219 0.01
tpiz |Propagation Delay, 0.68 0.68 0.69 0.00 0.80 | 0.80 0.81 0.00
tpz |ENto PAD 0.67 1.56 2.45 0.02 071 | 1.41 2.1 0.01
tpzH |Propagation Delay, 0.72 1.59 2.47 0.02 0.89 2.31 3.73 0.03
tpyz |EN to PAD 1.14 1.14 1.15 0.00 0.89 | 0.89 0.90 0.00
t, Output Rise Time, PAD 0.29 217 4.04 0.04 0.44 3.49 6.54 0.06
1 Output Fall Time, PAD 0.33 1.95 3.56 0.03 0.30 1.67 3.05 0.03
ON32T/BON32T
tpiy  |Propagation Delay, 1.04 1.55 2.06 0.01
tpy | PO to PAD 1.07 1.60 2.13 0.01
tpLz  [Propagation Delay, 0.97 0.97 0.98 0.00
tpz. |EN to PAD 087 | 140 | 193 0.01 N/A
tpzH  |Propagation Delay, 0.93 1.44 1.95 0.01
tpz |EN to PAD 095 | 0.95 0.96 0.00
t Output Rise Time, PAD 0.37 1.36 2.35 0.02
v ty  |Output Fall Time, PAD 0.73 1.33 1.92 0.01
CMOS SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
5/3.3V 3.3/33V
Sym Parameter
PF=0 | pF=50 | pF=100 | K (ns/pF) | pF=0 | pF=50 | pF=100 | K (ns/pF)
ONX2T/BONX2T ONL2T/BONL2T
oLy |Propagation Delay, 133 | 584 | 10.34 0.09 092 | 732 | 1372 0.13
) tp.  |PO to PAD 1.81 7.70 | 1359 0.12 0.89 | 7.94 | 14.99 0.14
\ tpLz  |Propagation Delay, 0.83 0.84 0.84 0.00 0.75 0.75 0.76 0.00
tpz |ENto PAD 159 | 7.48 | 13.37 0.12 067 | 772 | 1477 0.14
tpzn _|Propagation Delay, 1.22 5.72 10.23 0.09 0.81 7.21 13.61 0.13
tpnz |ENto PAD 1.20 1.21 1.21 0.00 079 | 080 | 0.80 0.00
t Output Rise Time, PAD 0.49 10.88 21.27 0.21 0.33 | 14.62 28.92 0.29
|1 Output Fall Time, PAD 0.54 12.11 23.68 0.23 0.31 14.39 28.46 0.28
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I  MOTOROLA TECHNICAL DATA I

CMOS SWITCHING CHARACTERISTICS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
s P . 5/3.3V 3.3/33V
ym arameter PF=0 | pF=50 | pF=100| K (ns/pF) | pF=0 | pF=50 | pF=100] K (ns/pP)
ONX4T/BONX4T ONL4T/BONLAT
tpy  |Propagation Delay, 1.65 3.92 6.19 0.05 1.18 4.39 7.59 0.06
tpy, | PO to PAD 197 | 492 7.88 006 | 1.16 | 355 5.93 0.05
tprz | Propagation Delay, 0.98 0.99 0.99 0.00 1.01 1.02 1.02 0.00
tpz. |ENto PAD 1.73 4.69 7.64 0.06 093 | 3.32 5.70 0.05
tpzn |Propagation Delay, 1.54 3.81 6.08 0.05 1.06 4.27 7.47 0.06
tpyz |EN to PAD 1.48 1.48 1.49 0.00 1.04 | 1.04 1.05 0.00
t,  |Output Rise Time, PAD 0.47 558 | 10.69 0.10 038 | 7.37 | 14.36 0.14
t__ |Output Fall Time, PAD 0.37 6.13 | 11.88 0.12 0.38 | 4.94 9.50 0.09
ONX8T/BONXST ONL8T/BONLST
tpiy |Propagation Delay, 1.96 3.40 4.85 0.03 1.15 2.99 4.83 0.04
tpy  |POto PAD 1.99 | 3.58 5.17 0.03 117 | 271 4.25 0.03
tpLz _|Propagation Delay, 1.17 1.18 1.18 0.00 1.00 | 1.01 1.01 0.00
tpz. |ENto PAD 1.76 3.35 4.94 0.03 0.92 | 246 4.00 0.03
tpzH | Propagation Delay, 1.85 3.29 4.74 0.03 1.03 | 2.87 4.71 0.04
tpyz |ENto PAD 1.67 1.67 1.68 0.00 1.01 | 1.01 1.02 0.00
t, |Output Rise Time, PAD 0.84 3.63 6.43 0.06 0.28 | 4.29 8.30 0.08
t  |Oulput Fall Time, PAD 0.58 3.40 6.22 0.06 042 | 3.36 6.30 0.06
ONL16T/BONL16T
tprn | Propagation Delay, 1.21 2.40 3.58 0.02
tpy.  |PO to PAD 129 | 2.35 3.42 0.02
tpiz | Propagation Delay, 1.01 1.02 1.02 0.00
tpz |ENto PAD N/A 0.94 | 2.00 3.07 0.02
tpzn _|Propagation Delay, 1.08 2.26 3.45 0.02
tpz  |EN to PAD 1.06 | 1.06 1.07 0.00
t Output Rise Time, PAD 0.38 2.88 5.39 0.05
t  |Output Fail Time, PAD 042 | 2.35 4.27 0.04

TTL SWITCHING CHARACTERISTICS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) ali units are in ns. Rev. 1.07
5/5V 335V
Sym Parameter
pF=0 | pF=50 | pF=1001 K (ns/pF) | pF=0 ] pF=50 | pF=100 | K (ns/pF)
ON2T/BON2T ONLX2T/BONLX2T

tpy  |Propagation Delay, 0.59 2.86 5.13 0.05 1.06 4.09 7.13 0.06
tpr  |DOto PAD 0.72 9.85 | 18.98 0.18 0.66 | 5.83 | 11.01 0.10
tpiz |Propagation Delay, 0.65 0.65 0.66 0.00 0.65 | 0.65 0.66 0.00
tpz. |ENto PAD 0.55 9.68 18.81 0.18 055 | 572 10.90 0.10
tpzn  |Propagation Delay, 0.51 2.78 5.05 0.05 0.98 4.02 7.05 0.06
tpyz |EN to PAD 0.51 0.52 0.52 0.00 0.98 | 0.99 0.99 0.00

t Output Rise Time, PAD 0.23 10.60 | 20.98 0.21 0.42 9.27 18.12 0.18

t Output Fall Time, PAD 0.24 11.79 | 23.35 0.23 0.19 | 9.54 18.89 0.19
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I OTOROLA TECHNICAL DATA I

TTL SWITCHING CHARACTERISTICS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
Svm P 5/5V 33/5V
ym arameter pF=0 J PF=50 | pF=100 | K (ns/pF) pF=0J PF=50 | pF=100 | K (ns/pF)
ON4T/BON4T ONLX4T/BONLX4T
tpLy |Propagation Delay, 0.76 1.92 3.08 0.02 0.88 [ 2.60 4,33 0.03
toy.  |DOto PAD 0.92 3.99 7.05 0.06 0.83 | 3.43 6.02 0.05
tpLz _|Propagation Delay, 0.86 0.86 0.87 0.00 0.86 0.87 0.87 0.00
tpz. |ENto PAD 0.77 3.83 6.90 0.06 0.77 | 3.37 5.96 0.05
tpzH |Propagation Delay, 0.67 1.83 2.99 0.02 079 | 252 4.24 0.03
tpyz |ENto PAD 0.67 0.68 0.68 0.00 0.79 | 0.80 0.80 0.00
t,  |Output Rise Time, PAD 0.31 538 | 1044 | 0.10 0.31 | 534 | 10.37 0.10
t  |Output Fall Time, PAD 0.32 4,07 7.83 0.08 0.30 | 3.38 6.47 0.06
ONBT/BONST ONLX8T/BONLX8T
tpiy | Propagation Delay, 0.76 1.92 3.08 0.02 1.02 | 2.15 3.29 0.02
tp.  |PO to PAD 0.92 3.99 7.05 0.06 0.83 | 2.28 3.73 0.03
tprz | Propagation Delay, 0.86 0.86 0.87 0.00 0.87 0.88 0.88 0.00
tpz. |ENto PAD 0.77 3.83 6.90 0.06 077 | 2.22 3.67 0.03
tpzn | Propagation Delay, 0.67 1.83 2.99 0.02 093 [ 2.06 3.20 0.02
tpyz |ENto PAD 0.67 0.68 0.68 0.00 0.93 | 0.93 0.94 0.00
t, |Output Rise Time, PAD 0.31 538 | 10.44 0.10 0.48 | 352 6.56 0.06
t,  |Output Fall Time, PAD 0.32 4.07 7.83 0.08 1.02 | 215 3.29 0.02
ON16T/BON16T ONLX16T/BONLX16T
toiy |Propagation Delay, 0.74 1.25 1.76 0.01 0.93 | 2.06 3.19 0.02
tp  |PO to PAD 1.04 2.33 3.61 0.03 0.82 | 1.65 2.47 0.02
tpLz |Propagation Delay, 0.68 0.68 0.69 0.00 0.82 0.83 0.83 0.00
tpz. |EN to PAD 0.76 2.05 3.33 0.03 073 | 1.56 2.38 0.02
tpzn | Propagation Delay, 0.63 1.14 1.65 0.01 0.83 1.96 3.09 0.02
tpz |EN to PAD 1.14 114 1.15 . 0.00 0.83 | 0.84 0.84 0.00
t, |Output Rise Time, PAD 0.29 2,17 4,04 0.04 0.44 | 3.49 6.54 0.06
t¢  [Output Fall Time, PAD 0.33 1.95 3.56 0.03 0.30 | 1.67 3.05 0.03
ON32T/BON32T
tpuny  |Propagation Delay, 0.93 1.24 1.56 0.01
tpy  |PO to PAD 1.29 1.95 2.62 0.01
tpLz Propagation Delay, 1.11 112 1.12 0.00
tpz1 |ENto PAD 1.02 1.69 2.35 0.01 N/A
tpzH | Propagation Delay, 0.82 1.13 1.45 0.01
tpyz |ENto PAD 0.83 0.83 0.84 0.00
t, |Output Rise Time, PAD 0.37 1.36 2.35 0.02
t Output Fall Time, PAD 0.73 1.33 1.92 0.01
MOTOROLA H4CPlus Series Design Reference Guide

7-14



I MOTOROLA TECHNICAL DATA I

TTL SWITCHING CHARACTERISTICS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
s P . 5/3.3V 3.3/3.3V
ym arameter PF=0 | pF=50 | pF=100 K (ns/pF) | pF=0 | pF=50 | pF=100 | K (ns/pF)
ONX2T/BONX2T ONL2T/BONL2T
touy | Propagation Delay, 123 | 349 | 576 0.05 0.89 | 5.84 | 10.80 0.10
tpy,  |POto PAD 197 | 11.10 | 20.24 0.18 093 | 9.60 | 18.26 0.17
tprz  |Propagation Delay, 0.83 0.84 0.84 0.00 0.79 0.80 0.80 0.00
tpz. |EN to PAD 1.78 10.92 20.05 0.18 0.71 9.37 18.04 0.17
tezn |Propagation Delay, 1.10 3.37 5.63 0.05 0.78 5.73 10.69 0.10
tpyz |ENto PAD 120 | 121 1.21 0.00 076 | 076 | 077 0.00
t, Output Rise Time, PAD 0.49 10.88 | 21.27 0.21 0.33 | 14.62 | 28.92 0.29
t Output Fall Time, PAD 0.54 12.11 23.68 0.23 0.31 14.39 | 28.46 0.28
ONX4T/BONX4T ONL4T/BONLAT
iy |Propagation Delay, 155 | 272 | 3.88 0.02 115 | 3.63 | 6.12 0.05
tpy  |PO to PAD 2.07 6.65 | 11.23 0.09 120 | 4.12 7.04 0.06
tprz _|Propagation Delay, 0.98 0.99 0.99 0.00 1.05 1.05 1.06 0.00
tpz. |ENto PAD 1.84 6.42 | 11.00 0.09 0.97 | 3.89 6.81 0.06
tpzn  |Propagation Delay, 1.43 2.60 3.76 0.02 1.02 3.51 5.99 0.05
tpyz |ENto PAD 1.48 1.48 1.49 0.00 1.00 1.01 1.01 0.00
t, Output Rise Time, PAD 0.47 5.58 10.69 0.10 0.38 7.37 14.36 0.14
t Output Fall Time, PAD 0.37 6.13 11.88 0.12 0.38 4.94 9.50 0.09
ONX8T/BONXST ONLST/BONLST
tp iy |Propagation Delay, 1.96 3.40 4.85 0.03 1.11 2.55 3.98 0.03
tp.  |PO to PAD 1.99 3.58 517 0.03 122 | 3.07 4.92 0.04
tprz _|Propagation Delay, 117 1.18 1.18 0.00 1.06 1.06 1.07 0.00
tpz. |ENto PAD 1.76 3.35 4.94 0.03 0.97 | 282 4.67 0.04
tpzn  |Propagation Delay, 1.85 3.29 4.74 0.03 0.99 2.42 3.86 0.03
tpyz |EN to PAD 1.67 1.67 1.68 0.00 0.97 0.98 0.98 0.00
t,  |Output Rise Time, PAD 0.84 3.63 6.43 0.06 0.28 | 4.29 8.30 0.08
t Output Fall Time, PAD 0.58 3.40 6.22 0.06 0.42 3.36 6.30 0.06
ONL16T/BONL16T
tp iy | Propagation Delay, 1.17 2.13 3.09 0.02
tp_|DO to PAD 133 | 259 | 3.84 0.03
tprz__|Propagation Delay, 1.06 1.07 1.07 0.00
tpz  |ENto PAD NA 0.99 [ 224 | 350 0.03
tpzH |Propagation Delay, 1.03 1.99 2.95 0.02
tpyz |ENto PAD 1.01 1.02 1.02 0.00
t, Output Rise Time, PAD 0.38 2.88 5.39 0.05
t Output Fall Time, PAD 0.42 2.35 4.27 0.04
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ONNTS2 BONNnTS2

I MOTOROLA TECHNICAL DATA I,

3-State Outputs and Bidirectional Outputs 5/5V ONNTS2
with Slew Rate Control (S2) n=4, 8, or 16 BONNTS2
(5 V System/Core Voltage)
MACRO SECTIONS USED ONnTS2 BONNTS2
ON4TS2,0N8TS2,0N16TS2 ot DO [ XXX DO [ XXX
BON4TS2,BONBTS2,BON16TS2 on I % TraD l % 1 PaD
Rev. 1.07 e BIC b=
MACRO OUTPUTS/INPUTS EN EN
ON4TS2,0N8TS2,0N16TS2 PAD/ DO,EN
BON4TS2,BONBTS2,BON16TS2 BIC / DO,EN .
Function Table
MACRO INPUT CAP. bo. L Eh L PAD
ON4TS2,BON4TS2,0N8TS2, DO: 0.24pF L H L
BONSTS2 EN: 0.19pF H L 4
ON16TS2,BON16TS2 DO,EN: 0.24pF H | HOH
MACRO OUTPUT CAP.
ON4TS2,BONATS2 PAD: 4.96pF
ONBTS2,BONSTS2 PAD: 5.10pF
ON16TS2,BON16TS2 PAD: 5.76pF
ON32TS2,BON32TS2 PAD: 9.52pF
CMOS SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
Sym Parameter S5V
v PF=0 | pF=50 | pF=100 | K(ns/pF)
ONA4TS2/BON4TS2
7 tpLH Propagation Delay, 1.32 4.07 6.81 0.05
tp | PO to PAD 1.16 3.54 5.93 0.05
tpLz Propagation Delay, 1.10 1.11 1.11 0.00
7. |EN to PAD 1.01 3.44 5.87 0.05
tpzy | Propagation Delay, 1.25 4.04 6.83 0.06
toz _|ENto PAD 1.25 1.26 1.26 0.00
t Output Rise Time, PAD 0.57 5.72 10.87 0.10
t Output Fall Time, PAD 0.45 4.28 8.1 0.08
ONS8TS2/BON8TS2
toLH Propagation Delay, 1.18 2.69 4.19 0.03
toy. | DO to PAD 1.29 2.68 4.08 0.03
tpLz Propagation Delay, 1.21 1.21 1.22 0.00
tpz1  |ENto PAD 1.12 2.51 3.91 0.03
tpzH Propagation Delay, 1.11 2.61 4.12 0.03
touz _|EN to PAD 1.10 1.11 1.11 0.00
t; Output Rise Time, PAD 0.62 3.71 6.80 0.06
Y Output Fall Time, PAD 0.54 3.62 6.71 0.06
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ONnTS2 BONnTS2

I MOTOROLA TECHNICAL DATA I

CMOS SWITCHING CHARACTERISTICS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
s P t 5/5V
ym arameter PF=0 | pF=50 | pF=100 | K(nsipP)
ON16TS2/BON16TS2
toLy Propagation Delay, 1.35 2.40 3.46 0.02
tpy.  |PO o PAD 1.20 2.19 3.18 0.02
tpLz Propagation Delay, 1.06 1.06 1.07 0.00
tpz._ |EN to PAD 0.97 1.96 2.95 0.02
tpzH Propagation Delay, 1.25 2.31 3.36 0.02
toz _ |EN to PAD 1.26 1.26 1.27 0.00
t, Output Rise Time, PAD 0.55 2.62 4.70 0.04
t Output Fall Time, PAD 0.42 2.19 3.95 0.04
ON32TS2/BON32TS2
tpLH Propagation Delay, 1.66 2.30 2.94 0.01
oy |POto PAD 1.39 1.97 2,55 0.01
tpLz Propagation Delay, 1.26 1.27 1.27 0.00
tpz. - |ENto PAD 1.17 1.75 2.33 0.01
tpzH Propagation Delay, 1.57 2.21 2.85 0.01
tonz  |ENto PAD 1.59 1.59 1.60 0.00
tr Output Rise Time, PAD 0.76 1.70 2.63 0.02
t Output Fall Time, PAD 0.75 1.46 217 0.01

TTL SWITCHING CHARACTERISTICS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
5/5V
Sym Parameter
PF=0 [ pF=50 | pF=100 | K(ns/pF)
‘ON4TS2/BON4TS2

teLH Propagation Delay, 1.15 2.83 4.50 0.03
oy |POto PAD 1.26 4.70 8.15 0.07
tprz Propagation Delay, 1.21 1.22 1.22 0.00
tpz  |ENto PAD 1.12 4.66 8.21 0.07
tpzH Propagation Delay, 1.07 2.76 4.45 0.03
tpyz |ENto PAD 1.07 1.07 1.08 0.00

t, Output Rise Time, PAD 0.57 5.72 10.87 0.10

t Output Fall Time, PAD 0.45 4.28 8.11 0.08

ON8TS2/BON8TS2

tpuy | Propagation Delay, 1.00 1.90 2.81 0.02
toy.  |POto PAD 1.41 3.43 5.46 0.04
tpLz Propagation Delay, 1.35 1.35 . 1.36 0.00
toz1  |ENto PAD 1.26 3.28 5.31 0.04
tpzH Propagation Delay, 0.91 1.81 2.72 0.02
tpHz EN to PAD 0.91 0.91 0.92 0.00

t Output Rise Time, PAD 0.62 3.71 6.80 ‘0.06

t Output Fall Time, PAD 0.54 3.62 6.71 0.06
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ONnTS2 BONNnTS2

I MOTOROLA TECHNICAL DATA I

TTL SWITCHING CHARACTERISTICS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
S P S5V
ym arameter PF=0 | pF=50 | pF=100 | K(ns/pF)
ON16TS2/BON16TS2
teLn Propagation Delay, 1.19 1.86 2.54 0.01
tpy  |DOto PAD 1.30 2.70 4.09 0.03
tpLz Propagation Delay, 1.17 1.18 1.18 0.00
tpz_ |ENto PAD 1.09 2.48 3.88 0.03
tpzn _ |Propagation Delay, 1.08 1.76 2.43 0.01
oz |EN to PAD 1.09 1.09 1.10 0.00
1 Output Rise Time, PAD 0.55 2.62 4.70 0.04
t Output Fall Time, PAD 0.42 2.19 3.95 0.04
ON32TS2/BON32T7S2
tPLH Propagation Delay, 1.46 1.87 2.29 0.01
tpy | DO to PAD 1.62 2.37 3.12 0.01
tprz Propagation Delay, 1.56 1.56 1.57 0.00
tpzL EN to PAD 1.48 2.23 2.98 0.01
tpzn | Propagation Delay, 1.33 1.75 2.16 0.01
torz _ |ENto PAD 1.34 1.34 1.35 0.00
t, Output Rise Time, PAD 0.76 1.70 2.63 0.02
t Output Fall Time, PAD 0.75 1.46 217 0.01

NOTE:

The H4CPlus Series user has the option to configure outputs with slew rate control to slow down the output edge rates of signals
going off-chip. This feature helps to decrease system noise and overshoot/undershoot of the output signals caused by fast rise
or fall times. The S2 option has up to 10% reduction in slew rate.
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ONnOD/BONNOD ONLnOD/BONLNOD

I OTOROLA TECHNICAL DATA I

|
|
Bidirectional Outputs 3.3/3.3V ONLNnOD/BONLNOD ]
!

Open-drain Outputs and 5/5V ONnOD/BONNOD
(3.3 V and 5 V System/core Voltage) n=4, 8, 16 or 32
MACRO SECTIONS USED
ON20D/ON4OD/ONL4OD/ON8OD/ ONNOD / ONLnOD | |
ONLBOD/ON160D/ONL160D/ o L= % XXX i
ON320D DO I_ PAD |
BON40OD/BONL40D/BONSOD/ ::_I_ !
BONL8OD/BON160D/BONL 160D/ 1/0 L |
BON320D
Rev. 1.07 BONNROD / BONLNnOD —_—
— %< $XXX
MACRO OUTPUTS/INPUTS o — | X | PAD
ON20D/ON4OD/ONL4OD/ONSOD/ q BIC —
ONL8OD/ON160D/ONL160D/ PAD /DO L
ON320D =
BON40OD/BONL40D/BONSOD/
BONL8OD/BON160D/BONL160D/ BIC /DO
BON320D
MACRO OUTPUT CAP.
MACRO INPUT CAP. ON20D/ON4OD/ONLAOD/ONBOD/
ON20D DO: 0.19pF ONL8OD/ON160D/ONL160D/ PAD: 4.960F
ON40D/ONL40D, DO: 0.24pF BON4OD/BONL4OD/BON8OD/ - 4.96p
ONSOD/BONBOD/ONLEOD/ BONLBOD/BON160D/BONL160D
BNL8OD DO: 0.30pF ON320D,BON320D PAD: 7.92pF
ON160D/BON160D/ONL 160D/
BONL160D DO: 0.45pF Function Table
ON320D/BON320D DO: 0.76pF DLO P/:D
H y4
CMOS SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
5/5V 3.3/3.3V
Sym Parameter
pF=0 LpF=50 |pF=1oo IK(nstF) pF=0 | pF=50 lpF=100J K (ns/pF)
ON20D
tpLz _ [Propagation Delay, 0.35 0.35 0.36 0.00
tpz. |DO to PAD 034 | 661 | 1288 | 0.13 N/A
t, Output Rise Time, PAD 0.00 0.01 0.01 0.00
t Output Fali Time, PAD 0.29 15.45 30.62 0.30
ON40D ONL40D
tpiz | Propagation Delay, 047 | 047 0.48 0.00 059 | 0.59 0.60 0.00
tpz.  |POto PAD 0.46 | 2.66 4.86 0.04 0.75 3.14 5.52 0.05
t.  |Output Rise Time, PAD 0.00 | 0.01 0.01 0.00 0.00 | 0.01 0.01 0.00
tp  |Output Fall Time, PAD 0.36 | 4.37 8.37 0.08 077 | 6.01 11.25 0.10
ON8OD/BONSOD ONLS8OD/BONL8OD
tpLz Propagation Delay, 0.40 0.40 0.41 0.00 0.57 0.57 0.58 0.00
toz.  |DOto PAD 040 | 2.05 3.70 0.03 067 | 2.26 3.85 0.03
t.  |Output Rise Time, PAD 0.00 | 0.01 0.01 0.00 0.00 | 0.01 0.01 0.00
t  |Output Fall Time, PAD 037 | 291 5.45 0.05 110 | 3.80 6.50 0.05
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ONNnOD/BONNOD ONLnOD/BONLNOD

CMOS SWITCHING CHARACTERISTICS

I VIOTOROLA TECHNICAL DATA I

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
P 5/5V 3333V
Sym arameter PF=0 | pF=50 | pF=100 | K (ns/pF) | pF=0 | pF=50 | pF=100 | K (ns/pF)
ON160D/BON160D ONL160D/BONL160D
tpLz | Propagation Delay, 0.39 0.40 0.40 0.00 0.62 0.63 0.63 0.00
tpz.  |DOto PAD 0.39 1.28 217 0.02 0.66 1.80 2.94 0.02
t Output Rise Time, PAD 0.00 0.01 0.01 0.00 0.00 0.01 0.01 0.00
1% Output Fall Time, PAD 0.38 2.04 3.70 0.03 1.35 2.73 4.11 0.03
ON320D/BON320D
tpLz  |Propagation Delay, 0.39 0.39 0.40 0.00
tpz._|DO to PAD 039 | 096 | 154 0.01 N/A
t.  |Output Rise Time, PAD 0.00 | 0.01 0.01 0.00
t Output Fall Time, PAD 0.78 1.41 2.03 0.01
TTL SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
s p 5/5V 3.3/3.3V
ym arameter pF=0J pF=50 LpF=100 | K (ns/pF) | pF=0 | pF=50 | pF=100 | K (ns/pF)
ON20D
tpLz  |Propagation Delay, 0.42 0.43 0.43 0.00
tpz. |DOto PAD 042 | 10.62 | 20.81 0.20 N/A
t Output Rise Time, PAD 0.00 0.01 0.01 0.00
1 Output Fall Time, PAD 0.29 15.45 30.62 0.30
ON40D ONL40D
tpz _ |Propagation Delay, 0.54 0.55 0.55 0.00 0.82 0.83 0.83 0.00
tpz.  |DOto PAD 054 | 3.86 7.18 0.07 092 | 379 6.66 0.06
t Output Rise Time, PAD 0.00 0.01 0.01 0.00 0.00 0.01 0.01 0.00
1 Output Fall Time, PAD 0.36 4.37 8.37 0.08 0.77 6.01 11.25 0.10
ON8OD/BON8OD ONL8OD/BONL8OD
tprz | Propagation Delay, 0.49 0.50 0.50 0.00 0.56 0.57 0.57 0.00
tpz. |POto PAD 049 | 2.80 5.11 0.05 0.76 | 2.66 4.56 0.04
te Output Rise Time, PAD 0.00 0.01 0.01 0.00 0.00 0.01 0.01 0.00
1 Output Fall Time, PAD 0.37 2.91 5.45 0.05 1.10 3.80 6.50 0.05
ON160D/BON160OD ONL160D/BONL160D
tprz  |Propagation Delay, 0.49 0.49 0.50 0.00 0.59 0.60 0.60 0.00
tpz.  |POto PAD 0.49 1.77 3.06 0.03 0.74 2.09 3.44 0.03
t Output Rise Time, PAD 0.00 0.01 0.01 0.00 0.00 0.01 0.01 0.00
t Output Fall Time, PAD 0.38 2.04 3.70 0.03 1.35 2.73 4.11 0.03
ON320D/BON320D
tprz  |Propagation Delay, 0.43 0.43 0.44 0.00
tpz |{DOto PAD 052 | 131 2.11 0.02 N/A
te Output Rise Time, PAD 0.00 0.01 0.01 0.00
t Output Fall Time, PAD 0.78 1.41 2.03 0.01
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OSCPB/OSCPBL OSCPHB/OSCPHBL OSCPSB/OSCPSBL i

B VOTOROLA TECHNICAL DATA NN

Oscillator W/ Non-Inverting Input 5/5V OSCPB/OSCPBL g
Oscillator W/ Clock Buffer Input 3.3v/3.3V OSCPHB/OSCPHBL I
Oscillator W/ Schmitt Trigger Input OSCPSB/OSCPSBL !
(3 V and 5 V System/Core Voltage) |
MACRO | SECTIONS USED
Al 1/0 ;
Rev. 1.07 .
MACRO | OUTPUTS/INPUTS Function Table XXX oll 2 T——LOSCPXB/ OSCPxBL |
Al DI,PADO / PADI Pf'\_Dl PA}?O r: DI
H L L
MACRO |  INPUT CAP. XX % —_—»J-
All PADI: 5.76pF
CMOS SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
s p ' 5/5V 3.3)3.3V
ym arameter FO=0 | FO=2 | FO=8 | K(ns/pF) | FO=0 | FO=2 | FO=8 | K (ns/pP)
OSCPB OSCPBL
tpLi | Propagation Delay, 0.33 0.34 0.37 0.09 0.46 0.47 0.51 0.13
tpy. |PADO to DI 0.36 0.37 0.41 0.14 0.52 0.54 0.59 0.17
t,  [Output Rise Time, DI 0.05 0.08 0.16 0.27 0.08 0.11 0.23 0.38
t  |Output Fall Time, DI 0.04 0.06 0.13 0.22 0.05 0.08 0.16 0.27
OSCPHB OSCPHBL
tpin | Propagation Delay, 0.29 0.29 0.30 0.03 0.41 0.41 0.43 0.05
tpy © |PADO to DI 0.40 0.41 0.43 0.06 0.53 0.54 0.56 0.08
tr Output Rise Time, DI 0.07 0.08 0.11 0.10 0.10 0.11 0.16 0.14
i [Output Fall Time, DI 0.07 0.08 0.11 0.10 0.09 0.10 0.14 0.12
OSCPSB OSCPSBL
tpLy__|Propagation Delay, 0.73 0.73 0.75 0.03 1.00 1.01 1.02 0.05
tpy. |PADO to DI 0.99 1.00 1.02 0.06 1.38 1.39 1.41 0.08
t,  |Output Rise Time, DI 0.07 0.08 0.11 0.10 0.10 0.11 0.15 0.14
t  |Output Fall Time, DI 0.07 0.08 0.11 0.10 0.09 0.10 0.14 0.12
Capacitance per fanout = 0.05 pF (metal capacitance is not included).
CMOS SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
5/5V 3.3/33V
Sym Parameter
pF=0 | pF=50 |pF=1oo fK (ns/pF) | pF=0 [ pF=50 |pF=1oo[K(ns/pF)
0OSCPB OSCPBL
tpLH__|Propagation Delay, 0.41 3.33 6.24 0.06 0.48 3.99 7.51 0.07
tpy.  |PADI to PADO 0.38 2.60 4.82 0.04 0.46 3.62 6.78 0.06
t.  |Output Rise Time, PADO] 0.16 517 |°10.18 0.10 0.21 718 | 1415 0.14
i |Output Fall Time, PADO | 0.41 3.33 6.24 0.06 0.18 6.99 | 13.81 0.14
Capacitance per fanout = 0.05 pF (metal capacitance is not included).
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OSCPB/OSCPBL OSCPHB/OSCPHBL OSCPSB/OSCPSBL

I OTOROLA TECHNICAL DATA I

CMOS SWITCHING CHARACTERISTICS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
Sym Parameter S5V 3.33.3V
PF=0 | pF=50 | pF=100| K (ns/pF) | pF=0 | pF=50 | pF=100 | K (ns/pF)
OSCPHB OSCPHBL
tpLy _|Propagation Delay, 0.42 3.05 5.69 0.05 0.48 3.66 6.84 0.06
tpy  |PADI to PADO 0.40 2.62 4.84 0.04 0.47 3.63 6.79 0.06

t Output Rise Time, PADO] 0.18 5.19 10.20 0.10 0.23 7.20 14.17 0.14
1] Output Fall Time, PADO | 0.15 5.18 10.21 0.10 0.19 6.34 12.49 0.12

OSCPSB OSCPSBL
tpLH | Propagation Delay, 0.41 3.05 5.68 0.05 0.48 3.66 6.84 0.06
tpy  |PADI to PADO 0.39 2.61 4.83 0.04 0.47 3.63 6.79 0.06

t Output Rise Time, PADO} 0.17 5.18 10.19 0.10 0.22 7.19 14.16 0.14

t Output Fall Time, PADO 0.14 5.17 10.21 0.10 0.17 6.33 12.49 0.12
Capacitance per fanout = 0.05 pF (metal capacitance is not included).

FUNCTIONAL DIAGRAM: OSCPB

PADI

PADO DI
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PUL PDL

I MOTOROLA TECHNICAL DATA I

Pull-Up Resistors / PUL
Pull-Down Resistors PDL

PUL

RC

RC

PDL

The Pull-up and Pull-down resistors are used to attach to any of the input macros. Their main purpose is to keep the inputs from
floating to an illegal state when they are not being driven. These resistors are not meant to replace external pull-up and pull-down
resistors which are attached to a 3-state bus, or open-drain 3-state bus.

The low current option offered is used when a slower pull is desired, or when power dissipation and Ipp (standby current) need
to be kept to a minimum. For exact breakdown of typical currents at different temperatures please see Section 8 “H4CPlus DC
ELECTRICAL CHARACTERISTICS” on page 1 of that section.
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ICMD BICMD ILCMD

I MOTOROLA TECHNICAL DATA I

Section 7.2 Special Input/Output/Bidirectionals Macros

7.2.1 CMTL
CMTL Differential Input and 5/5V ICMD
Bidirectional Input 33V BICMD
(3.3 Vand 5 V System/Core Voltage) ILCMD
ICMD / ILCMD
XXX IC2
MACRO SECTIONS USED Function Table PAD2 x [ DI
ICMD/ILCMD 110 FADRC | PADZRCEL DI | icl
BICMD 110 H L H
Rev. 1.07 L : ND XXX
H ND
MACRO OUTPUTS/INPUTS D= Not Dafrad PAD x [—
ICMD/ALCMD | DI/ PAD,PAD2,IC,IC2
BICMD DI/BC,BC2
BICMD
MACRO INPUT CAP. BC2
PAD,PAD2: 5.06pF DI
BICMD BC,BC2: 0.130F
BC
CMTL SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
| S P t S5V
m arameter -
7 Y FO=0 | FO=2 | FO=8 | K (ns/pF)
ICMD/BICMD
tpLH Propagation Delay, 0.88 0.89 0.93 0.11
tpy  |PAD,PAD2to DI 083 | 085 | 089 | 015
t Output Rise Time, DI 0.08 0.08 0.10 0.04
1 Output Fall Time, DI 0.05 0.06 0.10 0.12
CMTL SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
3333V
Sym Parameter
FO=0 | FO=2 | FO=8 | K (ns/pF)
ILCMD
teLH Propagation Delay, 1.22 1.24 1.29 0.17
tory __|PAD,PAD2 to DI 127 | 129 | 134 | 0.9
t, Output Rise Time, DI 0.09 0.10 0.14 0.13
14 Output Fall Time, DI 0.09 0.11 0.16 0.16
MOTOROLA H4CPlus Series Design Reference Guide
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OD32TCMT BOD32TCMT

I MOTOROLA TECHNICAL DATA I

CMTL Differential Output and Bidirectional 5/5V OD32TCMT
Output with Active Termination BOD32TCMT ;
(5 V System/Core Voltage)

Function Table |
MACRO | SECTIONS USED O EN TR LR OD32TCMT == i
OD32TCMT on L H QI L H DO §
BOD32TCMT o | e S m | XXX L
Rev. 1.07 I § PAD2 i
MACRO OUTPUTS/INPUTS |
OD32TCMT | PAD,PAD2/ DO,EN EN ‘
D32TCMT Bl EN |
BOD32TC BIC,BIC2/ DO,E BIC | XXX |
;é PAD ‘
MACRO INPUT CAP. BOD32TCMT
Al DO: 0.44pF
EN: 0.24pF DO
' x 1 PAp
2
MACRO OUTPUT CAP. BIC2
Al PAD,PAD2: 4.96pF EN
CMTL SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
5/5V
Sym Parameter
PF=0 | pF=50 | pF=100 | K (ns/pF)
OD32TCMT/BOD32TCMT
tpiH Propagation Delay, 0.51 2.54 4.58 0.04
to__|DO to PAD 061 | 186 | 312 | 003
tpH |Propagation Delay, 0.63 1.89 3.14 0.03
o, |DOto PAD2 0.48 2.51 4.55 0.04
tpLz Propagation Delay, 0.53 0.54 0.54 0.00
toy_ |ENto PAD 100 | 225 | 351 | 003
tezh  |Propagation Delay, 140 | 343 | 547 0.04
toyz  |EN to PAD,PAD2 0.54 0.55 0.55 0.00
tpiz Propagation Delay, 0.56 0.57 0.57 0.00
tpzy EN to PAD2 1.00 2.25 3.51 0.03
t Output Rise Time, PAD 0.91 2.96 5.00 0.04
t Output Fall Time, PAD 0.54 4.73 8.92 0.08
t Output Rise Time, PAD2 0.89 2.97 5.04 0.04
14 Output Fall Time, PAD2 0.65 5.01 9.38 0.09
H4CPlus Series Design Reference Guide MOTOROLA
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ODX32CM

I O TOROLA TECHNICAL DATA I

CMTL Differential Output 5/3.3V ODX32CM
(5 V System/ 3.3 V Core Voltage) '

Function Table

MACRO SECTIONS USED DLO PtD P/LDZ‘
ODX32CM 0/ H T T
Rev. 1.07
MACRO OUTPUTS/INPUTS
ODX32CM PAD,PAD2 /DO
MACRO INPUT CAP.
ODX32CM DO: 0.65pF
MACRO OUTPUT CAP.
ODX32CM PAD,PAD2: 4.96pF

CMTL SWITCHING CHARACTERISTICS (Input Edge Rate t,,t=1.00ns) Rev. 1.07

Sym Parameter R3V

4 PF=0 | PpF=50 | pF=100 | K (nsipF)

ODX32CM

tpy | Propagation Delay, 1.30 2.08 2.87 0.02
tpy, | DO to PAD 1.28 2.05 2.82 0.02
tpy _|Propagation Delay, 1.14 1.90 2.66 0.02
tpy, | PO to PAD2 1.19 1.94 2.69 0.01

t Output Rise Time, PAD 0.39 3.14 5.90 0.06

t Output Fall Time, PAD 0.58 2.53 4.49 0.04

t Output Rise Time, PAD2 0.23 2.96 5.68 0.05

t Output Fall Time, PAD2 0.47 2.40 4.32 0.04
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I MOTOROLA TECHNICAL DATA I

CMTL 3-State Differential Output
(3.3 V and 5 V System/Core Voltage)

MACRO SECTIONS USED
All 0/
Rev. 1.07
MACRO OUTPUTS/INPUTS
Al PAD,PAD2 / DO,EN
MACRO INPUT CAP.
Al DO: 0.44pF
EN: 0.24pF
MACRO OUTPUT CAP.
Al PAD,PAD2: 4.96pF

Function Table

DO

PAD

PAD2

L

L

H

H

H

L

OD32CMT ODLX32CMT ODL32CMT

5/5V OD32CMT
335V ODLX32CMT
3/3.3V ODL32CMT

XXX
PAD

OD32CMT / ODLX32CMT / ODL32CMT

CMTL SWITCHING CHARACTERISTICS (Input Edge Rate t,,t=1.00ns) Rev. 1.07
5/5V 3355V
Sym Parameter
PF=0 | pF=50 | pF=100 | K (ns/pF) | pF=0 | pF=50 | pF=100 | K (ns/pF)
0OD32CMT ODLX32CMT

tpry |Propagation Delay, 0.63 1.34 2.05 0.01 0.72 1.69 2.66 0.02
tpyy  |DO to PAD 0.56 1.24 1.93 0.01 0.74 1.64 2.53 0.02
tpy |Propagation Delay, 0.59 1.27 1.96 0.01 0.98 1.92 2.87 0.02
tpyy  |POto PAD2 0.59 1.30 2.01 0.01 1.08 2.01 2.94 0.02
tpiz |Propagation Delay, 0.46 0.47 0.47 0.00 0.52 0.53 0.53 0.00
tpz |ENto PAD 1.13 1.81 2.50 0.01 1.45 2.66 3.87 0.02
tpzy | Propagation Delay, 1.67 2.38 3.09 0.01 2.30 3.48 4.65 0.02
tprz  |EN to PAD,PAD2 0.46 0.46 0.47 0.00 0.64 0.64 0.65 0.00
tpiz _|Propagation Delay, 0.48 0.49 0.49 0.00 0.60 0.60 0.61 0.00
tpz |ENto PAD2 1.13 1.81 2.50 0.01 1.45 2.66 3.87 0.02

t, _ |Output Rise Time, PAD 1.18 2.45 3.72 0.03 1.75 3.80 5.84 0.04

t, _ |Output Fall Time, PAD 0.62 2.35 4.09 0.03 0.91 2.84 4.78 0.04

1, |Output Rise Time, PAD2 1.35 256 3.76 0.02 1.97 3.93 5.88 0.04

t,  |Output Fall Time, PAD2 0.76 2.45 4.15 0.03 0.87 3.36 5.84 0.05
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OD32CMT ODLX32CMT ODL32CMT

I MOTOROLA TECHNICAL DATA I

CMTL SWITCHING CHARACTERISTICS (Input Edge Rate t,,t;=1.00ns) Rev. 1.07

s P . 33133V

ym arameter PF=0 | pF=50 | pF=100 | K (ns/pP)

ODL32CMT

tpry  |Propagation Delay, 0.83 1.77 2.71 0.02
tpyy  |PO to PAD 0.81 1.68 255 0.02
tpLy |Propagation Delay, 1.11 2.04 2.97 0.02
tpy,  |PO to PAD2 1.23 2.16 3.09 0.02
tpiz | Propagation Delay, 0.60 0.60 0.61 0.00
tpz |ENto PAD 1.72 2.90 4.07 0.02
tpzq |Propagation Delay, 2.34 3.52 4.71 0.02
tpyy |EN to PAD,PAD2 1.78 1.79 1.79 0.00
tprz _|Propagation Delay, 0.68 0.69 0.69 0.00
tpz |ENto PAD2 1.72 2.90 4.07 0.02

t,  [Output Rise Time, PAD 1.76 3.39 5.02 0.03

t  |Output Fall Time, PAD 0.87 3.26 5.65 0.05

t,  [Output Rise Time, PAD2 1.92 3.76 5.59 0.04

t, _ |Output Fall Time, PAD2 1.27 3.57 5.88 0.05
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032CM

I  MOTOROLA TECHNICAL DATA I

CMTL Output 5/5V 032CM
(5 V System/Core Voltage)
MACRO | SECTIONS USED Function Table
DO PAD
032CM 0/ 2 2 032CM
Rev. 1.07 H A
MACRO | OUTPUTSANPUTS . [ XXX
032CM PAD /DO ;3 PAD
MACRO INPUT CAP. —
032CM DO: 0.90pF
CMTL SWITCHING CHARACTERISTICS (Input Edge Rate t,,t=1.00ns) Rev. 1.07
5/3.3V
Sym Parameter
pF=0 | pF=50 | pF=100 | K(ns/pF)
032CM
tpy  |Propagation Delay, 0.51 1.17 1.82 0.01
tpy, |POto PAD 0.45 1.24 2.04 0.02
t; Output Rise Time, PAD 1.36 2.78 4.21 0.03
t, _ |Output Fall Time, PAD 0.75 2.30 3.85 0.03
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IGIILGI

I MOTOROLA TECHNICAL DATA I

722 GTL

Inverting GTL Input
(3.3 Vand 5 V System/Core Voltage)

MACRO | SECTIONS USED
All 1/0
Rev. 1.07
MACRO | OUTPUTS/INPUTS
All DI/ PAD
MACRO INPUT CAP.
All PAD: 5.06pF

GTL SWITCHING CHARACTERISTICS

Function Table
PAD || DI
L H
H L

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns.

5/5V

3.333V

XXX
PAD

IGl
ILGI

IGI/ILGI

T{>O_D.

Rev. 1.07

5/5V 3.3/33V
Sym Parameter
FO=0 | FO=2 | FO=8 |K (ns/pF)| FO=0 | FO=2 | FO=8 | K (ns/pF)
1GI ILGI
teuy | Propagation Delay, 100 | 101 | 1.04 0.10 134 | 135 | 1.40 0.15
toy,|PAD to DI 090 | 092 | 097 0.16 134 | 136 | 1.42 0.20
t.  |Output Rise Time, DI 014 | 016 | 023 0.24 015 | 018 | 029 0.35
t, |Output Fall Time, DI 015 | 017 | 023 | 0.9 017 | 019 | 027 0.25

Capacitance per fanout = 0.05 pF (metal capacitance is not included).
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IGN/BIGN ILGN/BILGN

I MOTOROLA TECHNICAL DATA I

T

Non-Inverting GTL Input and 5/5V IGN/BIGN i
Bidirectional Input 3383V ILGN/BILGN 3
i
(3.3 V and 5 V System/Core Voltage) |
Function Table IGN/ILGN
MACRO SECTIONS USED PAD || DI
IGN/ILGN 1/0 ; f XXX
H LA PAD ‘ DI
BIGN/BILGN 1/0 X1 {
Rev. 1.07 | ,1
MACRO OUTPUTS/INPUTS |
IGN/ILGN DI/ PAD : BIGN / BILGN J
BIGN/BILGN DI/BC f
BC DI ;
MACRO INPUT CAP.
IGN/ILGN PAD: 5.06pF
BIGN/BILGN BC: 0.10pF
GTL SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
S Parameter S5V 3333V
m
4 FO=0 | FO=2 | FO=8 |K (ns/pF)| FO=0 | FO=2 | FO=8 |K (ns/pF)
IGN/BIGN ILGN/BILGN
to 1 | Propagation Delay, 095 | 096 | 0.99 0.11 132 | 1.33 1.37 0.15
tpyy  |PAD to DI 090 | 092 | 097 0.15 126 | 128 | 1.34 0.20
t,  |Output Rise Time, DI 013 | 015 | 023 0.24 015 | 0.18 | 0.29 0.35
tr  |Output Fall Time, DI 015 | 017 | 023 0.19 0.18 | 0.21 0.28 0.24
Capacitance per fanout = 0.05 pF (metal capacitance is not included).
MOTOROLA
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ON20G BON40G ONL20G BONL40G

I MOTOROLA TECHNICAL DATA I

GTL Output and Bidirectional Output 5/5V ON20G
(3.3 V and 5 V System/Core Voltage) 3.3/33V BON40G
ONL20G
BONL40G
MACRO SECTIONS USED Funcﬁon Table
ON20G/ONL20G o1 PAD || DO
BON40G/BONL40G on h L-‘ ON20G / ONL20G
Rev. 1.07
MACRO OUTPUTS/ANPUTS === 13 $xxx
ON20G/ONL20G PAD / DO Do,_>o_| PAD
BON40G/BONL40G BIC/DO q
MACRO INPUT CAP. BON40G / BONL40G l
-
ON20G/ONL20G DO: 0.62pF . ol <)|§>é)é
BON40G/BONL40G DO: 1.09pF Do.->o—| I
:i BIC
MACRO OUTPUT CAP. =
ON20G/ONL20G PAD: 4.96pF
BON40G/BONL40G PAD: 4.96pF

GTL SWITCHING CHARACTERISTICS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
s P 5/5V 3.3/3.3V
ym arameter PF=0 | pF=50 | pF=100] K (ns/pF)| pF=0 | pF=50 | pF=100] K (ns/pF)
ON20G ONL20G
ey |Propagation Delay, 030 | 2.61 | 4.93 0.05 036 | 259 | 4.82 0.04
tpy  |DOto PAD 025 | 0.80 | 1.35 0.01 044 | 119 | 1.95 0.02
t, Output Rise Time, PAD 011 | 544 | 1076 | 0.1 013 | 544 | 1075 | 0.1
t Output Fall Time, PAD 035 | 113 | 1.92 0.02 055 | 1.60 | 2.65 0.02
BON40G BONL40G
tpiy  |Propagation Delay, 032 | 144 | 255 0.02 045 | 153 | 2.60 0.02
tpy,  |POto PAD 020 | 057 | 095 0.01 043 | 0.91 1.40 0.01
t, Output Rise Time, PAD 013 | 275 | 537 0.05 029 | 292 | 556 0.05
t Output Fall Time, PAD 033 | 075 | 1.18 0.01 058 | 112 | 1.65 0.01
Note:
The GTL Output Switching Characteristics are specified with a pull-up resistor to 1.2 V.
ON20G and ONL20G use 50 Ohms

BON40G and BONL40G use 25 Ohms
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IPD IPXD ILPD

I MOTOROLA TECHNICAL DATA I

7.2.3 PECL
PECL Differential Input 5;5 VV ":!;g
(3.3 V and 5 V System/Core Voltage) 5/3.3
3.3/3.3V ILPD
MACRO | SECTIONS USED Function Table ‘
All 170 PAD PAD2 DI XXX Ic2 N
Rev. 1.07 - - o PADZf = 1, DI
MACRO | OUTPUTS/NPUTS H T H IC
DI/ H H ND
Al PAD,PAD2,IC,IC2 ND = Not Defined XXX
PAD Bx 5
MACRO INPUT CAP. x | IPD/IPXD/ILPD
Al PAD,PAD2: 4.98pF
PECL SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
Sym Parameter S5V
Y FO=0 | FO=2 | FO=8 | K (ns/pF)
IPD
teH Propagation Delay, 0.74 0.75 0.78 0.11
toy | PAD,PAD2 to DI 075 | 076 | 081 | 0.5
t, Output Rise Time, DI 0.13 0.16 0.23 0.24
1 Output Fall Time, DI 0.12 0.14 0.20 0.20

Capacitance per fanout = 0.05 pF (metal capacitance is not included).

PECL SWITCHING CHARACTERISTICS

(Input Edge Rate tr,ti=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
5133V 3.333V
Sym Parameter
PF=0 | pF=50 [pF=100|K (ns/pF)] pF=0 | pF=50 |pF=100] K (ns/pF)
IPXD ) iLPD

teLy Propagation Delay, 0.92 0.93 0.97 0.14 0.93 0.94 0.99 0.14

tpHL PAD,PAD2 to DI 093 | 095 | 1.01 0.19 1.01 1.03 1.09 0.18

t Output Rise Time, DI 0.14 0.17 0.28 0.35 0.16 0.20 0.31 0.37

t Qutput Fall Time, DI 0.14 0.17 0.24 0.25 0.18 0.20 0.28 0.26
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I MOTOROLA TECHNICAL DATA

IPCH ILPC/ILPCH/BILPC

7.2.4 PCI
PCI Input and Bidirectional Input g’g /X 3V ILPG/ILPCH IBIIl:.gg
(3.3 Vand 5 V System/Core Voltage) /9.
MACRO | SECTIONS USED MACRO | SECTIONS USED ILPC
ILPC 1/0 IPCH 11 XXX ‘
BILPC 170 ILPCH 7 PAD 3 DI
Rev. 1.07 Rev. 1.07 —
MACRO | OUTPUTS/INPUTS MACRO | OUTPUTS/INPUTS ‘
ILPC DI/ PAD,IC ™ IPCH DI/ PAD,IC IPCH / ILPCH
BILPC DI/BC ILPCH DI/ PAD,IC
XXX DI
MACRO INPUT CAP. MACRO INPUT CAP. PAD B% =
ILFC PAD: 5.02pF IPCH PAD: 5.40pF BILPC
BILPC BC: 0.06pF ILPCH PAD: 5.37pF
Function Table BC:‘>‘ DI
PAD || DI
L L
H H
PCI SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
Sym Parameter S5V 3333V
Y FO=0 | FO=25 | FO=50 K (ns/pF)| FO=0 | FO=25 | FO=50 |K (ns/pF)
IPCH ILPCH
tpLH Propagation Delay, 0.29 0.33 0.38 0.04 0.37 0.45 0.53 0.06
toyy,  |PADto DI 051 | 0.60 | 0.69 0.07 051 | 064 | 077 0.10
t, Output Rise Time, DI 011 | 024 | 036 0.10 041 | 028 | 045 0.14
t Output Fall Time, DI 0.18 | 0.31 | 045 0.11 0.17 | 031 | 046 0.12

Capacitance per fanout = 0.05 pF (metal capacitance is not included).

PCI SWITCHING CHARACTERISTICS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
s 3.333V
ym Parameter FO=0 | FO=2 | FO=8 |K (ns/pF)
ILPC/BILPC
oLy Propagation Delay, 0.45 0.46 0.51 0.15
toy,_ |PAD to DI 074 | 076 | 083 0.22
t Output Rise Time, DI 0.15 0.19 0.29 0.35
t QOutput Fall Time, DI 0.26 0.28 0.36 0.24

Capacitance per fanout = 0.05 pF (metal capacitance is not included).
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ONPC ONLPC

|
I MOTOROLA TECHNICAL DATA I
|

PCI Output 5/5 V ONPC
(3.3 V and 5 V System/Core Voltage) 3.3/3.3 ONLPC |
|

Function Table :

MACRO | SECTIONS USED DO || PAD ONPG/ONLPC ;

()
L L
ONPC o —— ’ : XXX
ONLPC o/ DO — % ®paD
Rev. 1.07

MACRO | OUTPUTS/INPUTS

ONPC PAD /DO
ONLPC PAD /DO
MACRO INPUT CAP.

ONPC DO: 0.68pF
ONLPC DO: 0.90pF

PCI SWITCHING CHARACTERISTICS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
5/5V 3.3/3.3V
Sym Parameter
pF=0 [ pF=50 |pF=100]K (ns/pF)| pF=0 | pF=50 |pF=100|K (ns/pF)
ONPC ONLPC
tpLH Propagation Delay, 0.46 1.25 2.04 0.02 0.69 1.64 2.59 0.02
tory  |PO 1 PAD 074 | 2.03 | 3.31 0.03 092 | 217 | 3.42 0.02
t, Output Rise Time, PAD 033 | 374 | 715 0.07 053 | 2.87 | 5.21 0.05
Y Output Fall Time, PAD 048 | 191 | 335 0.03 057 | 231 | 4.04 0.03

Capacitance per fanout = 0.05 pF (metal capacitance is not included).
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ONTPC/BONTPC ONLTPC/BONLTPC

I MOTOROLA TECHNICAL DATA I

PCI 3-State Output and 5/5V ONTPC/BONTPC
Bidirectional Output 3.3/3.3V  ONLTPC/BONLTPC
(3.3 Vand 5 V System/Core Voltage)
M:ff 0 SEcﬂoolldf USED Function Table ONTPC/ONLTPC
DO EN PAD
Rev. 1.07 T 3 T DO — [ 3 ;(Kg(
MACRO OUTPUTS/INPUTS I O >
ONTPCIONLTPC PAD/ DOEN x [Tz —
BONTPC/BONLTPC| _ BIC/ DO,EN N
MACRO INPUT CAP. BONTPC/BONLTPC |
ALL DO,EN: 0.24pF XXX
DO— ——1| X ¥ea0
MACRO OUTPUT CAP.
ONTPC,BONTPC PAD: 5.10pF BIC ol
ONLTPC,BONLTPC| __ PAD: 5.76pF EN
PCI SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
5/5V 3.3/33V
Sym Parameter
pF=0 [ pF=50 |pF=100|K (ns/pF)| pF=0 | pF=50 |pF=100{K (ns/pF)
ONTPC/BONTPC ONLTPC/BONLTPC
tpy | Propagation Delay, 074 | 166 | 2.58 0.02 134 | 229 | 3.24 0.02
oy |POto PAD 103 | 262 | 4.20 0.03 155 | 2.80 | 4.05 0.02
tpLz Propagation Delay, 0.90 0.91 0.91 0.00 1.13 1.14 1.14 0.00
tpzy  |ENto PAD 0.81 | 2.39 | 3.98 0.03 1.06 | 2.31 | 356 0.02
tpzy __|Propagation Delay, 062 | 154 | 2.46 0.02 1.08 | 2.03 | 2.98 0.02
oz |ENto PAD 061 | 0.62 | 0.62 0.00 106 | 1.06 | 1.07 0.00
1, Output Rise Time, PAD 033 | 374 | 7.15 0.07 053 | 2.87 | 5.21 0.05
Y Output Fall Time, PAD 040 | 1.99 | 359 0.03 058 | 2.32 | 406 | 0.03

Capacitance per fanout = 0.05 pF (metal capacitance is not included).
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ICMDJ i

I MOTOROLA TECHNICAL DATA N

7.2.5 CMTL -JTAG

CMTL Differential Input and 5/5 V ICMDJ |
Bidirectional Input -JTAG J
(3.3 V and 5 V System/Core Voltage) i

DI
MACRO SECTIONS USED Function Table
ICMDJ 1/0 PAD/BC | PAD2/BC2][_ DI
Rev. 1.07 L H L — CKDR
MACRO OUTPUTS/INPUTS " t N”D — ubDR
DI,TDO/ H H ND : |SMH%R
ICMDJ | PAD,PAD2,IC,IC2,CKDR,UDDR, ND = Not Defined
IMC,SHDR,TDI —{™  TDOf—
MACRO INPUT CAP.
CKDR,TDI: 0.04pF ICMDJ
ICMDJ IMC,SHDR,UDDR: 0.10pF
PAD,PAD2: 5.06pF
ic2 44 bhic
XX XX
XXX XXX
PAD2 PAD
CMTL SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
Sym Parameter S5V
y FO=0 | FO=2 | FO=8 | K (ns/pF)
ICMDJ
tpLH Propagation Delay, 0.70 0.70 0.70 0.00
tppL CKDR to TDO 0.72 0.72 0.72 0.00
teLH Propagation Delay, 0.76 0.78 0.85 0.21
tory  |IMCtoD 0.51 052 | 0.56 0.14
toLH Propagation Delay, 0.97 0.99 1.02 0.12
[ PAD,PAD2 to DI 0.93 0.95 1.00 0.18
tpr Propagation Delay, 0.76 0.78 0.82 0.13
tpy  |1DOto DI 085 | 087 | 093 0.21
tpLH Propagation Delay, 0.88 0.89 0.93 0.13
to,  |UDDRto DI 1.02 1.04 1.11 0.21
t Output Rise Time, DI 0.19 0.22 0.29 0.23
t Output Fall Time, DI 0.21 0.23 0.30 0.22
t Output Rise Time, TDO 0.63 0.63 0.63 0.00
i Output Fall Time, TDO 0.41 0.41 0.41 0.00
H4CPlus Series Design Reference Guide MOTOROLA
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OD32TCMTJ

I MOTOROLA TECHNICAL DATA I

CMTL Differential Output
with Active Termination -JTAG
(5 V System/Core Voltage)

MACRO SECTIONS USED
OD32TCMTJ 0/1
Rev. 1.07
MACRO OUTPUTS/INPUTS
PAD,PAD2,TDO /
OD32TCMTJ | DO,EN,CKDR,UDDR,SHDR,
TDI,OMC
MACRO INPUT CAP.
CKDR,TDI: 0.04pF
DO: 0.35pF
OD32TCMTJ EN: 0.24pF
OMC,SHDR: 0.10pF
UDDR: 0.08pF
MACRO OUTPUT CAP.
OD32TCMTJ PAD,PAD2: 4.96pF

Function Table

5/5V

EN

PAD | P

Z

Q
ES B L L b1

I|r|x|r

L
Z
H

>
FIN[TINIG

OD32TCMTJ

[ 1

11

[1]

EN DO

CKDR
UDDR

SHDR
TDI

OMC

TDO

OD32TCMTJ

XX XX
XXX XXX
PAD2 PAD
CMTL SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
S P t i
ym arameter PF=0 | pF=50 [ pF=100] K (nsipF)
OD32TCMTJ
tpy | Propagation Delay, 0.71 0.71 0.71 0.00
tpy.  |CKDR to TDO 0.72 0.72 0.72 0.00
tpuy  |Propagation Delay, 1.29 2.14 2.99 0.02
oy, |PO to PAD,PAD2 1.25 2.10 2.95 0.02
tprz |Propagation Delay, 1.45 1.45 1.46 0.00
tpzr |ENto PAD 1.53 2.38 3.23 0.02
tpzy |Propagation Delay, 1.53 2.38 3.23 0.02
tpz  |EN to PAD 1.43 1.43 1.44 0.00
tprz |Propagation Delay, 1.26 1.27 1.27 0.00
tpzr |ENto PAD2 1.35 2.25 3.15 0.02
tpzy |Propagation Delay, 1.66 2.46 3.26 0.02
tpyz |EN to PAD2 1.56 157 1.57 0.00
tpn  |Propagation Delay, 1.55 2.40 3.25 0.02
oy |OMC to PAD 146 | 231 3.16 0.02
tpiy  |Propagation Delay, 1.46 2.31 3.16 0.02
o |OMC to PAD2 1.55 2.40 3.25 0.02
tein | Propagation Delay, 1.79 2.64 3.49 0.02
tpy, | VDO to PAD 168 | 253 | 3.38 0.02
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I MOTOROLA TECHNICAL DATA

CMTL SWITCHING CHARACTERISTICS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07

s P " 5/5V

ym arameter pF=0 | pF=50 | pF=100] K (ns/pF)
tpuy  |Propagation Delay, 1.68 2.53 3.38 0.02
tpyy | 10O to PAD2 179 | 264 [ 349 0.02
tpry  |Propagation Delay, 1.92 2.77 3.62 0.02
to  |UDDR to PAD 1.85 2.70 3.55 0.02
tpiy  |Propagation Delay, 1.85 2.70 3.55 0.02
tp.  |UDDR to PAD2 1.92 277 | 362 0.02

t,  [Output Rise Time, PAD 0.39 1.54 2.69 0.02

ty  |Output Fall Time, PAD 0.34 1.74 3.14 0.03

t Output Rise Time, PAD2 0.37 1.57 2.77 0.02

1 Output Fall Time, PAD2 0.33 1.73 3.13 0.03

t,  |Output Rise Time, TDO 0.62 0.62 0.62 0.00

tg Output Fall Time, TDO 0.41 0.41 0.41 0.00

CMTL TIMING REQUIREMENTS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
5/5V
Sym Parameter
Minimum Requirement
OD32TCMTJ
tsy Set Up Time, DO,SHDR to CKDR 0.23
tsy Set Up Time, TDI to CKDR 0.14
th Hold Time, CKDR to DO 0.27
th Hold Time, CKDR to SHDR 0.19
th Hold Time, CKDR to TDI 0.32
tw Pulse Width, CKDR(L) 0.40
tw Pulse Width, CKDR(H) 0.78
tw Pulse Width, UDDR(H) 0.47
H4CPlus Series Design Reference Guide MOTOROLA
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OD32CMTJ ODL32CMTJ

I MOTOROLA TECHNICAL DATA I

CMTL 3-State Differential Output -JTAG 5/5V OD32CMTJ
(3.3 V and 5 V System/Core Voltage) 3.3/3.3V ODL32CMTJ
MACRO SECTIONS USED ] |
Al o v Function Table EN DO
] . Rev. 1.07 DO PAD | PAD2
MACRO OUTPUTS/INPUTS —t——t—
Al DO,EN,CDP DD SHOR.TDIOMC
= : : —— — CKDR
MACRO INPUT CAP. T UPDR
CKDR,TDI: 0.04pF — SHDR
DO: 0.35pF — TDI TDO }—
Al EN: 0.24pF — OMC
OMC,SHDR: 0.10pF
UDDR: 0.08pF
OD32CMTJ
MACRO OUTPUT CAP. ODL32CMTJ
All PAD,PAD2: 4.96pF
| {
XX XX
XXX XXX
PAD2 PAD
CMTL SWITCHING CHARACTERISTICS (Input Edge Rate t,,t=1.00ns) Rev. 1.07
5/5V 3333V
Sym Parameter
pF=0 | pF=50 [ pF=100 | K (ns/pF) | pF=0 | pF=50 | pF=100 | K (ns/pF)
OD32CMTJ ODL32CMTJ
tpry | Propagation Delay, 0.71 0.71 0.71 0.00 1.04 1.04 1.04 0.00
tpyy |CKDR to TDO 0.72 0.72 0.72 0.00 1.01 1.01 1.01 0.00
tpLy  [Propagation Delay, 1.26 2.51 3.76 0.03 1.74 3.99 6.24 0.04
tpyy  |PO to PAD 1.31 2.26 3.21 0.02 2.00 3.45 4.90 0.03
tpLy  |Propagation Delay, 1.31 2.26 3.21 0.02 2.00 3.45 4.90 0.03
tpyy  |DO to PAD2 1.26 2.51 3.76 0.03 1.74 3.99 6.24 0.04
tpiz |Propagation Delay, 1.44 1.44 1.45 0.00 1.90 1.90 1.91 0.00
tpy |ENto PAD 1.52 2.47 3.42 0.02 1.98 2.98 3.98 0.02
tpzy _|Propagation Delay, 152 | 247 3.42 0.02 2.02 3.02 4.02 0.02
tpyy  |ENto PAD 1.41 1.42 1.42 0.00 1.93 1.93 1.94 0.00
tp,z |Propagation Delay, 1.26 1.27 1.27 0.00 1.67 1.68 1.68 0.00
tpy |ENto PAD2 1.35 2.40 3.45 0.02 1.75 2.80 3.85 0.02
tpz1 | Propagation Delay, 1.64 2.54 3.44 0.02 2.21 3.16 411 0.02
tpyy |EN to PAD2 1.54 1.55 1.55 0.00 2.11 2.12 2.12 0.00
tpiy  |Propagation Delay, 1.52 2.77 4.02 0.03 2.1 4.36 6.61 0.04
tpy,  |OMC to PAD 1.52 2.47 3.42 0,02 2.27 3.72 5.17 0.03
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0OD32CMTJ ODL32CMTJ F;

I MOTOROLA TECHNICAL DATA I

CMTL SWITCHING CHARACTERISTICS (Input Edge Rate t,,t=1.00ns) Rev. 1.07 ‘
p . 5/5V 3.3/3.3V %
Sym arameter pF=0 | pF=50 | pF=100 | K (ns/pF) | PF=0 | pF=50 | pF=100 | K (ns/pF) J
tpry | Propagation Delay, 1.52 2.47 3.42 0.02 2.27 3.72 5.17 0.03
tpy  |OMC to PAD2 1.52 2.77 4.02 0.03 2.11 4.36 6.61 0.04 i
tpiy | Propagation Delay, 1.85 2.80 3.75 0.02 2.86 4.31 5.76 0.03
tpyy | TDO to PAD 1.74 2.69 3.64 0.02 2.63 4.03 5.43 0.03
tpy | Propagation Delay, 1.75 2.70 3.65 0.02 2.64 4.04 5.44 0.03 ;
tpy | TPO to PAD2 1.85 2.80 3.75 0.02 2.86 4.31 5.76 0.03 h
tp,y | Propagation Delay, 1.89 3.14 4.39 0.03 2.65 4.90 7.15 0.04 :
tpyy |UDDR to PAD 1.92 2.87 3.82 0.02 2.85 4.25 5.65 0.03
tpiy |Propagation Delay, 1.92 2.87 3.82 0.02 2.85 4.25 5.65 0.03
tpy, |UDDR to PAD2 189 | 314 | 439 0.03 2.65 4.90 7.15 0.04
t.  |Output Rise Time, PAD 0.10 1.25 2.40 0.02 0.00 1.75 3.50 0.03
t _ |Output Fall Time, PAD 0.21 1.61 3.01 0.03 0.13 2.08 4.03 0.04
t,__ |Output Rise Time, PAD2 0.20 1.40 2.60 0.02 0.02 1.72 3.42 0.03
t, |Output Fall Time, PAD2 0.14 1.55 2.95 0.03 0.00 1.95 3.90 0.04
t, _ |Output Rise Time, TDO 0.62 0.62 0.62 0.00 0.87 0.87 0.87 0.00
t _ |Output Fall Time, TDO 0.41 0.41 0.41 0.00 0.52 0.52 0.52 0.00
CMOS TIMING REQUIREMENTS (Input Edge Rate t,,t;=1.00ns) Rev. 1.07
5/5V 3.3/3.3V
Sym Parameter
Minimum Requirement Minimum Requirement
OD32CMTJ ODL32CMTJ
tsy |Set Up Time, DO to CKDR 0.24 0.38
t,, |SetUp Time, SHDR to CKDR 0.24 0.43
ty, |SetUp Time, TDIto CKDR 0.14 0.28
t, |Hold Time, CKDR to DO 0.27 0.38
t, |Hold Time, CKDR to SHDR 0.19 0.25
t, |Hold Time, CKDR to TDI 0.32 0.42
t, |Pulse Width, CKDR(L) 0.40 0.67
t, |Pulse Width, CKDR(H) 0.78 1.18
t, |Pulse Width, UDDR(H) 0.47 0.64
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I MOTOROLA TECHNICAL DATA I

7.2.6 GTL IGNJ
Non-Inverting GTL Input 55V ILGNJ
(3.3 V and 5 V System/Core Voltage) 3.3B3V
DI
MACRO SECTIONS USED
IGNJ/ILGNJ 10 Function Table
Rev. 1.07 SAD T O
MACRO OUTPUTS/INPUTS L L
IGNJ/ILGN DLTDO/ — ] SkoR
NJLGNJ | 55 CKDR,UDDR,IMC,SHDR,TDI —]uoDR
MACRO INPUT CAP. N
CKDR,TDI: 0.04pF
IGNJ/ILGNJ IMC,SHDR,UDDR: 0.10pF
PAD: 5.06pF IGNJ
ILGNJ
XX
XXX
PAD
GTL SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. - Rev. 1.07
Sym Parameter S5V 3333V
4 FO=0 [ FO=2 [ FO=8 ] K (ns/pF) | FO=0 [ FO=2 l FO=8 JK(nstF)
IGNJ ILGNJ
tpLy | Propagation Delay, 0.70 0.70 0.70 0.00 1.04 1.04 1.04 0.00
tpr. | CKDR to TDO 0.72 0.72 0.72 0.00 1.01 1.01 1.01 0.00
tpLy |Propagation Delay, 0.76 0.79 0.85 0.21 1.07 1.10 1.20 0.31
tpy, |MC to DI 0.51 052 | 056 0.14 0.70 0.72 0.78 0.19
tpLy |Propagation Delay, 0.75 0.76 0.80 0.12 1.24 1.25 1.30 0.17
tpy |PAD to DI 088 | 089 | 095 0.19 1.22 1.25 1.33 0.26
tpH |Propagation Delay, 0.76 0.78 0.82 0.13 1.14 1.16 1.21 0.19
tpy | 1DO to DI 0.85 | 0.87 0.93 0.21 1.27 1.30 1.39 0.31
tpLn |Propagation Delay, 0.88 0.89 0.93 0.13 1.21 1.23 1.28 0.20
tpy |UDDRto DI 1.02 1.04 1.11 0.21 1.48 151 1.60 0.31
t, |Output Rise Time, DI 017 | 0.19 0.27 0.25 0.22 0.26 0.36 0.34
1, |Output Fall Time, DI 0.23 0.25 0.32 0.22 0.34 0.37 0.45 0.27
t, |Output Rise Time, TDO 0.63 0.63 0.63 0.00 0.87 0.87 0.87 0.00
1 |Output Fall Time, TDO 0.41 0.41 0.41 0.00 0.52 0.52 0.52 0.00
Capacitance per fanout = 0.05 pF (metal capacitance is not included).
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IGNJ ILGNJ

I MOTOROLA TECHNICAL DATA I

R P e

GTL TIMING REQUIREMENTS (Input Edge Rate t,,t=1.00ns) Rev. 1.07 !
55V 33533V
Sym Parameter !
Minimum Requirement Minimum Requirement i
IGNJ ILGNJ I
ts, |SetUp Time, PAD to CKDR 0.97 152 ‘
tsy |Set Up Time, SHDR to CKDR 0.31 0.49 |
t,, _|Set Up Time, TDI to CKDR 0.13 026 |
th Hold Time, CKDR to PAD -0.41 -0.78 1
th Hold Time, CKDR to SHDR 0.16 0.23 }
t, |Hold Time, CKDR to TDI 0.31 0.41 f
tw Pulse Width, CKDR(L) 0.45 0.71 1
tw Pulse Width, CKDR(H) 0.80 1.20 i
tw Pulse Width, UDDR(H) 0.71 1.01

FUNCTIONAL DIAGRAM: IGNJ
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I MOTOROLA TECHNICAL DATA I

Non-Inverting GTL Bidirectional Input BIGNJ
(3.3 V and 5 V System/Core Voltage) BILGNJ
MACRO SECTIONS USED
Al 1/0
Rev. 1.07 —
MACRO OUTPUTS/INPUTS BC P
All P/BC Function Table
PAD r BIGNJ / BILGNJ
MACRO INPUT CAP. g
All BC: 0.09pF
MACRO OUTPUT CAP.
All 1P: 0.23pF
GTL SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
Sym Parameter S5V 3333V
v FO=0 ] FO=2 ] FO=8 | K (ns/pF) | FO=0 FO=2 FO=8 | K (ns/pF)
BIGNJ BILGNJ
tpy |Propagation Delay, 0.80 0.80 0.80 0.00 1.10 1.10 1.10 0.00
tpr |BClOIP 0.93 0.93 0.93 0.00 1.26 1.26 1.26 0.00
t, |Output Rise Time, IP 0.57 0.57 0.57 0.00 0.75 0.75 0.75 0.00
t;  |Output Fall Time, IP 0.32 0.32 0.32 0.00 0.41 0.41 0.41 0.00
Capacitance per fanout = 0.05 pF (metal capacitance is not included).

NOTE:

Path delay from PAD to DI in the bidirectional buffer will be non-inverted when used together with JTAG bidirectional output

buffers.
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I  MOTOROLA TECHNICAL DATA I

ON20GJ BN40GJ ONL20GJ BNL40GJ

GTL Output and Bidirectional Output 5/5V ON20GJ
(3.3 V and 5 V System/Core Voltage) 3.33.3V BN40GJ
ONL20GJ !
BNL40GJ
MACRO SECTIONS USED Function Table ] | ]
ON20GJ/ONL20GJ oA PAD || DO DO DO DI ‘
BN40GJ/BNL40GJ oA L T |
Rev. 1.07 H z i
MACRO OUTPUTS/INPUTS KOR
PAD,TDO/ — —{CKDR
ON20GJ/ONL20GJ | 1y cpR, UDDR,SHDR,TDI,OMC UDDR — HADgR
BIC,DI,TDO/ —!sHoR —shor !
BN40GJ/BNL40GJ | DO,CKDR,UDDR,IMC,SHDR,TDI, —|7DI TD0 |— —| DI 100 |— *,
OMC,IPT —lome —lome ‘
MACRO INPUT CAP.
CKDR, TDI: 0.04pF IPT
DO: 0.26pF
ON20GJ/ONL20GJ OMC,SHDR: 0.10pF ON20GJ BN40GJ l
UDDR: 0.08pF ONL20GJ BNL40GJ
CKDR, TDI: 0.04pF i
DO: 0.31pF -
BN40GJ/BNL40GY IMC,OMC,SHDR,UDDR: 0.10pF E'U _|_—U — BIC
IPT: 0.22pF = | = |
MACRO OUTPUT CAP. XX XX “
All PAD: 4.96pF v X
PAD PAD

GTL SWITCHING CHARACTERISTICS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
Svm P . 5/5V 3.3/33V
4 arameter PF=0 [ pF=50 [pF=100[ K (ns/pF) | pF=0 | pF=50 | pF=100 |K (ns/pF)
ON20GJ ONL20GJ
tpLy | Propagation Delay, 070 [ 070 | 0.70 0.00 1.04 1.04 1.04 0.00
tpy |CKDR 1o TDO 072 | 072 | 0.72 0.00 1.01 1.01 1.01 0.00
tp.z |Propagation Delay, 0.71 3.06 5.41 0.05 0.90 3.15 5.40 0.04
tp,. |DOto PAD 078 | 1.08 | 1.38 0.01 1.12 1.57 2.02 0.01
tprz |Propagation Delay, 0.72 3.07 5.42 0.05 0.96 3.26 5.56 0.05
tpz. |OMC to PAD 098 | 1.23 | 1.48 0.00 1.42 1.77 2.12 0.01
tpz |Propagation Delay, 1.04 1.54 2.04 0.01 1.51 1.91 2.31 0.01
tpzy | VPO to PAD 112 | 142 | 1.72 0.01 1.68 213 2.58 0.01
tp .z |Propagation Delay, 1.25 3.60 5.95 0.05 1.68 3.93 6.18 0.04
tpz. |YDDRto PAD 129 | 159 | 1.89 0.01 1.90 2.35 2.80 0.01
t, _|Output Rise Time, PAD 023 | 559 | 10.94 0.11 0.24 5.59 10.94 0.1
t _ |Output Fall Time, PAD 045 | 1.10 | 1.75 0.01 0.65 1.55 2.45 0.02
t, _ |Outpuf Rise Time, TDO 063 | 0.63 | 0.63 0.00 0.87 0.87 0.87 0.00
t, _|Output Fall Time, TDO 041 | 041 | 0.41 0.00 0.52 0.52 0.52 0.00
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I MOTOROLA TECHNICAL DATA I

GTL SWITCHING CHARACTERISTICS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
Svm P A 5/5V 3.3/3.3V
arameter
4 PF=0 | pF=50 [pF=100] K (nslpF) | pF=0 | pF=50 | pF=100 |K (nsipF)
BN40GJ BNL40GJ
tpy |Propagation Delay, 0.70 | 0.70 0.70 0.00 1.04 1.04 1.04 0.00
tpy. |CKDR to TDO 072 [ 072 | 0.72 0.00 1.01 1.01 1.01 0.00
toiz |Propagation Delay, 0.66 | 1.86 | 3.06 0.02 0.97 212 3.27 0.02
tpz |DO to PAD 083 | 1.03 | 1.23 0.00 0.92 1.12 1.32 0.00
tprz |Propagation Delay, 0.70 1.90 3.10 0.02 1.05 2.20 3.35 0.02
tpz. |OMC to PAD 146 [ 161 | 176 0.00 1.73 1.88 2.03 0.00
tpiz |Propagation Delay, 1.70 | 2.85 | 4.00 0.02 2.52 3.67 4.82 0.02
tpz. |7DOto PAD 1.83 | 2.03 | 2.23 0.00 2.35 2.55 275 0.00
tprz |Propagation Delay, 1.81 2.96 4.11 0.02 2.59 3.74 4.89 0.02
tpz.  |UDDRto PAD 2.00 | 220 | 2.40 0.00 2.56 2.76 2.96 0.00
t, |Output Rise Time, PAD 024 | 289 | 554 0.05 0.24 2.89 5.54 0.05
t  |Output Fall Time, PAD 040 | 075 | 1.10 0.01 0.40 0.75 1.10 0.01
t, _ |Output Rise Time, TDO 063 | 063 | 0.63 0.00 0.87 0.87 0.87 0.00
t _ |Output Fall Time, TDO 041 | 0.41 | 0.4 0.00 0.52 0.52 0.52 0.00
GTL SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
Sym Parameter S5V 3333V
4 FO=0 | FO=2 | FO=8 | K (ns/pF) | FO=0 | FO=2 | FO=8 | K (ns/pF)
BN40GJ BNL40GJ
toy |Propagation Delay, 051 | 052 [ 056 0.13 068 | 070 | 0.76 0.19
tp.  |MCto DI 0.76 | 078 | 0.85 0.22 107 | 110 | 1.20 0.31
tpiy | Propagation Delay, 0.16 | 0.17 | 020 0.12 028 | 029 | 034 0.16
tpy.  |IPT to DI 0.32 | 0.34 | 0.40 0.18 048 | 050 | 057 0.23
7 tpiy  |Propagation Delay, 0.79 0.80 0.84 0.13 1.17 1.19 1.25 0.19
toy. | 1DOto DI 0.88 | 0.90 | 0097 0.21 132 | 1.35 | 1.44 0.31
touy | Propagation Delay, 089 | 091 [ 095 0.13 125 | 127 | 1.33 0.19
tpy. |UDDR to DI 105 | 1.08 | 1.14 0.22 152 | 155 | 1.65 0.31
t, |Output Rise Time, DI 020 | 023 | 029 0.22 0.18 | 021 | 032 0.35
t  |Output Fall Time, DI 024 | 025 | 031 0.19 024 | 027 | 035 0.26
Capacitance per fanout = 0.05 pF (metal capacitance is not included).
CMOS TIMING REQUIREMENTS (input Edge Rate t,t=1.00ns) Rev. 1.07
5/5V 3.3/3.3V
Sym Parameter
Minimum Requirement Minimum Requirement
ON20GJ ONL20GJ
tsy  |Set Up Time, DO to CKDR 0.18 0.36
tsw  [Set Up Time, SHDR to CKDR 0.24 0.43
tsy  |Set Up Time, TDI to CKDR 0.13 0.26
t, |Hold Time, CKDR to DO 0.29 0.39
t, |Hold Time, CKDR to SHDR 0.19 0.26
t, |Hold Time, CKDR to TDI 0.31 0.39

MOTOROLA
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I MOTOROLA TECHNICAL DATA I

ON20GJ BN40GJ ONL20GJ BNL40GJ g
|
j
]

CMOS TIMING REQUIREMENTS (Input Edge Rate t,,t=1.00ns) Rev. 1.07 ]
5/5V 3333V |
Sym Parameter |
Minimum Requirement | Minimum Requirement ]
tw _|Pulse Width, CKDR(L) 0.41 0.67 f
1w |Pulse Width, CKDR(H) 0.65 1.00 |
tw _|Pulse Width, UDDR(H) 0.46 0.66 .
BN40GJ BNL40GJ
ts, |Set Up Time, DO to CKDR 0.75 1.03 [
t, |Set Up Time, IPT to CKDR 0.67 0.53 1
1, |Set Up Time, SHDR to CKDR 0.31 0.26
t, |Set Up Time, TDI to CKDR 0.13 0.16 ‘
t_|Hoid Time, CKDR to DO 0.14 -0.08 !
t, |Hold Time, CKDR to IPT 0.00 0.23 "
1, |Hold Time, CKDR to SHDR 0.16 0.41 ‘
t, |Hold Time, CKDR to TDI 0.31 0.68
tw _|Pulse Width, CKDR(L) 0.41 1.18
1y |Pulse Width, CKDR(H) 0.77 0.08
ty _|Pulse Width, UDDR(H) 0.74 0.36

FUNCTIONAL DIAGRAM: ON20GJ
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MOTOROLA TECHNICAL DATA I

FUNCTIONAL DIAGRAM: BN40GJ
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IPDJ

I MOTOROLA TECHNICAL DATA I

7.2.7 PECL
PECL Differential Input 5/5V IPDJ
(3.3 V and 5 V System/Core Voltage)
DI
MACRO |  SECTIONS USED Function Table
Al 170 PAD PAD2 DI
Rev. 1.07 :: ,'_', N,_D — cKkpR
MACRO OUTPUTS/INPUTS H L H — UDDR
Al DI/ PAD,PADZ,IC,IC2 H i ND 1 IMC |
ND = Not Defined ~— SHDR !
MACRO INPUT CAP. —{T!I  TDO|— ‘
All PAD,PAD2: 4.98pF
IPDJ
102 f f i IC
H XX " XX
XXX XXX
PAD2 PAD
PECL SWITCHING CHARACTERISTICS )
(Input Edge Rate tr,if=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
Sym Parameter S5V
4 FO=0 | FO=2 | FO=8 | K (ns/pF)
IPDJ
tpLy |Propagation Delay, 0.70 0.70 0.70 0.00
tpry | CKDR to TDO 072 | 072 | 072 0.00
tpy  |Propagation Delay, 0.76 0.78 0.85 0.21
oL |IMC to DI 0.51 0.52 0.56 0.14
tpy  |Propagation Delay, 0.84 0.85 0.88 0.1
tpy.  |PAD,PAD21t0 DI 0.83 0.85 0.91 0.18
tpiy  |Propagation Delay, 0.76 0.78 0.82 0.13
ey (1DOto DI 085 | 087 | 093 0.21
tpiy  |Propagation Delay, 0.88 0.89 0.93 0.13
toy. |YPDRto DI 1.02 1.04 1.11 0.21
t,  |Output Rise Time, DI 0.16 0.18 0.26 0.25
t Output Fall Time, DI 0.21 0.23 0.30 0.22
t, _ |Output Rise Time, TDO 063 | 063 [ 0.63 0.00
t Output Fall Time, TDO 0.41 0.41 0.41 0.00
Capacitance per fanout = 0.05 pF (metal capacitance is not included).
. H4CPlus Series Design Reference Guide MOTOROLA
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I MOTOROLA TECHNICAL DATA I

7.2.8 PCI
PCI Input -JTAG 3.3/33V ILPCJ
(3.3 V and 5 V System/Core Voltage)
DI
MACRO SECTIONS USED FUNCTION TABLE
ILPCJ 1/0 Jrhe
Rev. 1.07 PAD ol
MACRO OUTPUTS/INPUTS L L
Loy DI,TDO/ H —{ cKDR
PAD,IC,CKDR,UDDR,IMC,SHDR, TDI =] UDDR
JTAG 1 IMC
MACRO INPUT CAP. For JTAG Truth Table Information, =] SHDR
CKDR.TDI: 0.04pF See Table 3, “JTAG Logic Truth Ta- — TDI TDO |—
ILPCJ IMC,SHDR,UDDR: 0.10pF bles -Inputs.' o0 Page 181 in his
PAD: 5.02pF
ILPCJ
IC
XX
XXX
PAD
PCI SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
Sym Parameter 3383V
¥ FO=0 | FO=2 | FO=8 | K(nsipF)
ILPCJ
tp  |Propagation Delay, 1.04 1.04 1.04 0.00
tp. |CKDR 1o TDO 1.01 1.01 1.01 0.00
tpLy  |Propagation Delay, 1.07 1.10 1.19 0.31
tpHL IMC to DI 0.70 0.72 0.78 0.19
tpy  |Propagation Delay, 0.68 0.70 0.756 0.17
tpy.  |PADto DI 1.01 104 | 1.18 0.29
tpyq  |Propagation Delay, 1.14 1.16 1.21 0.19
tpy, |1DOto DI 1.27 1.30 1.39 0.31
tpiy  |Propagation Delay, 1.21 1.23 1.28 0.20
to.  |UPDRto DI 1.48 1.51 1.60 0.31
t, Output Rise Time, DI 0.27 0.31 0.41 0.33
t Output Fall Time, DI 0.42 0.45 0.54 0.29
t,  |Output Rise Time, TDO 0.87 0.87 0.87 0.00
t,  |Output Fall Time, TDO 0.52 0.52 0.52 0.00
Capacitance per fanout = 0.05 pF (metal capacitance is not included).
NOTE

For Functional Diagram see page 7-43
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I  MOTOROLA TECHNICAL DATA I

PCI Input -JTAG 5/5V IPCHJ ;
(3.3 Vand 5 V System/Core Voltage) 3.3/3.3V ILPCHJ !
Di
MACRO SECTIONS USED FUNCTION TABLE
All 1/0 JTAG
Rev. 1.07 PAD DI |
MACRO OUTPUTS/INPUTS L L | CKDR
Al DI,TDO/ H
PAD,IC,CKDR,SHDR,TDI —SHDR
— TDI TDO {—
MACRO INPUT CAP. JTAG [
. For JTAG Truth Table Information, ]
CKDR,TDI: 0.04pF See Table 3, “JTAG Logic Truth Ta- |
All PAD: 5.40pF bles - Inputs,” on page 181 in this |
SHDR: 0.09pF Manual).
IPCHJ
ILPCHJ
IC
XX
XXX
PAD
PCl SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
Sym Parameter i 3333V
4 FO=0 | FO=2 [ FO=8 [ K(ns/pF) | FO=0 | FO=2 | FO=8 | K (ns/pF)
IPCHJ ILPCHJ
tpuy |Propagation Delay, 0.68 0.68 0.68 0.00 1.01 1.01 1.01 0.00
toy.  |CKDR 1o TDO 0.71 0.71 0.71 0.00 0.98 0.98 0.98 0.00
tpLy | Propagation Delay, 037 | 037 | 038 0.04 040 | 0.41 0.43 0.05
tpy, |PADto DI 047 | 047 | 050 0.07 053 | 054 | 057 0.08
t Output Rise Time, Di 0.05 0.06 0.09 0.10 0.08 0.09 0.13 0.14
t Output Fall Time, DI 0.07 0.08 0.11 0.11 0.08 0.09 0.13 0.14
t, Output Rise Time, TDO 0.58 0.58 0.58 0.00 0.79 0.79 0.79 0.00
t Output Fall Time, TDO 0.39 0.39 0.39 0.00 0.49 0.49 0.49 0.00
Capacitance per fanout = 0.05 pF (metal capacitance is not included).
PCI TIMING REQUIREMENTS (input Edge Rate t,,t;=1.00ns) Rev. 1.07

Nom. Vpp=5.0 V, T;= 25.0°C
Sym Parameter
Minimum Requirement Minimum Requirement
IPCHJ ILPCHJ
ts, |SetUp Time, DI to CKDR 0.47 0.67
ts, |SetUp Time, SHDR to CKDR 0.25 0.43
ts,  |Set Up Time, TDI to CKDR 0.13 0.26
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I MOTOROLA TECHNICAL DATA I

PCI TIMING REQUIREMENTS (Input Edge Rate t,t=1.00ns) Rev. 1.07
Nom. Vpp=5.0 V, T ;= 25.0°C
Sym Parameter
Minimum Requirement Minimum Requirement
t,  |Hold Time, CKDR to DI 0.10 0.07
t,  |Hold Time, CKDR to SHDR 0.19 0.25
t,  |Hold Time, CKDR to TDI 0.31 0.41
ty  |Pulse Width, CKDR(L) 0.45 0.71
ty  |Pulse Width, CKDR(H) 0.65 0.98

AR RN NN N YN A Y NN N N N N N N NS

FUNCTIONAL DIAGRAM: IPCHJ
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BILPCJ |

I  MOTOROLA TECHNICAL DATA I

\

i‘

Inverting PCI Bidirectional 3.3/3.3V BILPCJ

Input Buffer-JTAG I

(3.3 V System/Core Voltage) (,

FUNCTION TABLE i

MACRO SECTIONS USED I

BILPCJ 01 BCJT AG - ‘

Rev. 1.07 — ?

MACRO |  OUTPUTS/INPUTS | BC '——DO‘ 1P |

BILPCJ IP/BC BILPC. 1

MACRO INPUT CAP. .
BILPCJ BC: 0.06pF

MACRO OUTPUT CAP.

BILPCJ IP: 0.16pF

PCI SWITCHING CHARACTERISTICS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
Sym Parameter 3333V
v FO=0 | FO=2 | FO=8 | K (nsipF)
BILPCJ
tpLn  |Propagation Delay, 0.62 0.62 | 0.62 0.00
tpy. |BCtoIP 0.55 | 0.55 | 0.55 0.00
t,  [Output Rise Time, IP 132 | 1.32 | 1.32 0.00
t Output Fall Time, IP 0.52 0.52 | 0.52 0.00

Capacitance per fanout = 0.05 pF (metal capacitance is not included).

NOTE:

Path delay from PAD to DI in the bidirectional buffer will be non-inverted when used together with JTAG bidirectional output
buffers.
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ONPCJ ONLPCJ

I MOTOROLA TECHNICAL DATA IS

PCI Output -JTAG 5/5V ONPCJ
(3.3 Vand 5 V System/Core Voltage) 3333V ONLPCJ
MACRO SECTIONS USED FUNCTION TABLE DI 5
ONPCJ [ JTAG
Rev. 1.07 DO PAD
MACRO OUTPUTS/INPUTS L L
PAD,TDO/ H H
ONPCJ | po,CKDR,UDDR,SHDR,TDIL,OMC —1 ckpR
JTAG —— UDDR
MACRO INPUT CAP. For JTAG Truth Table Information,
CKDR,TD!I: 0.04pF See Table 4, “JTAG Logic Truth Ta- - ?SIDR T00 |—
ONPCJ DO: 0.24pF bles - Outputs,” on page 181 in this : oMC
OMC,SHDR: 0.10pF Manual.
UDDR: 0.08pF
ONPCJ
MACRO OUTPUT CAP. ONLPCJ
ONPCJ PAD: 5.10pF
XX
XXX
PAD
PCI SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
S| P t 55V 3.313.3V
ym , arameter pF=0 | pF=50 | pF=100 |K (ns/pF)] pF=0 | pF=50 | pF=100 | K (ns/pF)
ONPCJ ONLPCJ
tpLy |Propagation Delay, 0.71 0.71 0.71 0.00 1.04 1.04 1.04 0.00
tpy. |CKDR to TDO 072 | 072 [ 072 0.00 1.01 1.01 1.01 0.00
tpy | Propagation Delay, 0.81 2.31 3.81 0.03 1.21 2.36 3.51 0.02
tpy,  |PO to PAD 1.04 1.89 2.74 0.02 1.52 2,52 3.52 0.02
tpy | Propagation Delay, 1.00 2.50 4.00 0.03 1.62 2.67 3.82 0.02
tpy, |OMC to PAD 1.24 2.09 2.94 0.02 1.79 2,79 3.79 0.02
tpry |Propagation Delay, 1.25 2.75 4.25 0.03 1.96 3.11 4.26 0.02
tpy | 1DO to PAD 1.40 2.25 3.10 0.02 2.08 3.08 4.08 0.02
tpiy | Propagation Delay, 1.38 2.88 4.38 0.03 2.04 3,19 4.34 0.02
tey.  |YDDR to PAD 1.58 2.43 3.28 0.02 2.30 3.30 4.30 0.02
t, |Output Rise Time, PAD 0.31 3.76 7.21 0.07 0.52 2.87 5.22 0.05
t _|Output Fall Time, PAD 0.50 1.90 3.30 0.03 0.58 2.28 3.98 0.03
1, |Output Rise Time, TDO 0.62 0.62 0.62 0.00 0.87 0.87 0.87 0.00
t _|Output Fall Time, TDO 0.41 0.41 0.41 0.00 0.52 0.52 0.52 0.00
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3
TTL SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
Sym Parameter b 3383V
4 pF=0 | pF=50 [ pF=100 [K (ns/pF)| pF=0 ] PF=50 | pF=100 | K (ns/pF)
ONPCJ ONLPCJ
tpy  |Propagation Delay, 0.71 0.71 0.71 0.00 1.04 1.04 1.04 0.00
tpy. |CKDR 1o TDO 0.72 0.72 0.72 0.00 1.01 1.01 1.01 0.00 '
tpLy |Propagation Delay, 0.74 1.49 2.24 0.01 1.15 2.05 2.95 0.02
tpy  |DO to PAD 115 | 235 | 355 0.02 158 [ 278 | 398 0.02
tpiy |Propagation Delay, 0.93 1.68 2.43 0.01 1.46 2.36 3.26 0.02
tp  |OMC to PAD 1.34 | 2.59 3.84 0.03 1.85 3.05 4.25 0.02
tpry  |Propagation Delay, 1.18 1.93 2.68 0.01 1.90 2.80 3.70 0.02
tpy | 1DO to PAD 1.51 2.76 4.01 0.03 2,13 3.33 453 0.02 1
tpy  |Propagation Delay, 1.31 2.06 2.81 0.01 1.98 2.88 3.78 0.02
tpry |UDDR to PAD 169 | 2.89 | 4.09 0.02 236 | 356 | 476 0.02
t, Output Rise Time, PAD 0.31 3.76 7.21 0.07 0.52 2.87 5.22 0.05
t Output Fall Time, PAD 0.50 1.90 3.30 0.03 0.58 2.28 3.98 0.03
t Output Rise Time, TDO 0.62 0.62 0.62 0.00 0.87 0.87 0.87 0.00
t Output Fall Time, TDO 0.41 0.41 0.41 0.00 0.52 0.52 0.52 0.00
CMOS/TTL TIMING REQUIREMENTS (Input Edge Rate t,,t=1.00ns) Rev. 1.07
5/5V 3.3/3.3V
Sym Parameter
Minimum Requirement | Minimum Requirement
ONPCJ ONLPCJ
tsy  [Set Up Time, DO to CKDR 0.18 0.37
tsy [Set Up Time, SHDR to CKDR 0.25 0.43
tsy |Set Up Time, TDI to CKDR 0.14 0.28
th Hold Time, CKDR to DO 0.26 0.35
th Hold Time, CKDR to SHDR 0.19 0.25
th Hold Time, CKDR to TDI 0.32 0.42
tw Pulse Width, CKDR(L) 0.40 0.67
tw Pulse Width, CKDR(H) 0.78 1.18
tw Pulse Width, UDDR(H) 0.47 0.64
NOTE

For Functional Diagram see page 7-47
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N MOTOROLA TECHNICAL DATA I

PCI Non-Inverting 3-State Output -JTAG 5/5V ONTPCJ
(3 V and 5 V System/Core Voltage) 3.38.3V ONLTPCJ
FUNCTION TABLE 1 ]
MACRO SECTIONS USED JTAG EN DO
Al 0/ Do EN PAD
Rev. 1.07 L H L
MACRO OUTPUTS/INPUTS H H H ONTPCJ
Al PAD,TDO / X L z
DO,EN,CKDR,UDDR,SHDR,TDI,OMC :
JTAG = CKDR
MACRO INPUT CAP. For JTAG Truth Table Information, See ~—|UDDR
CKDR,TDI: 0.04pF Table 6, “TAG Logic Truth Tables - —{ sHDOR
DO,EN: 0.24pF Outputs,” on page 182 in this Manual. .
ONTPCY OMC,SHDR: 0.10pF —] I)?/: c TDO
UDDR: 0.08pF ]
CKDR,TDI: 0.04pF ONTPCJ
DO,EN: 0.23pF
ONLTPCJ OMC,SHDR: 0.10pF v ONLTPCJ
UDDR: 0.08pF IX‘7
MACRO OUTPUT CAP.
ONTPCJ PAD: 5.10pF {
ONLTPCJ PAD: 4.96pF
]
XXX
PAD
PCI SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
5/5V 3.3/33V
Sym Parameter
PF=0 | pF=50 |pF=100| K (ns/pF) | pF=0 | pF=50 |pF=100| K (ns/pF)
ONTPCJ ONLTPCJ
tpy  |Propagation Delay, 0.71 0.71 0.71 0.00 1.04 1.04 1.04 0.00
toy, |CKDR to TDO 072 | 072 | 0.72 0.00 101 | 101 | 1.0t 0.00
tory |Propagation Delay, 092 | 242 | 3.92 0.03 149 | 264 | 379 0.02
tp  |PO to PAD 115 | 200 | 2.85 0.02 158 | 258 | 3.58 0.02
tpz |Propagation Delay, 0.89 0.90 0.90 0.00 1.19 1.20 1.20 0.00
tpzx |ENto PAD 098 | 1.83 | 2.68 0.02 127 | 227 | 327 0.02
tpzy4 |Propagation Delay, 0.77 2.32 3.87 0.03 1.23 2.38 3.53 0.02
tpyz |ENto PAD 076 | 076 | 0.77 0.00 1.20 | 120 | 1.21 0.00
tpy  |Propagation Delay, 1.10 2.60 4.10 0.03 1.77 2.92 4.07 0.02
oy |OMC to PAD 1.33 | 2.18 | 3.03 0.02 185 | 285 | 3.85 0.02
tpry |Propagation Delay, 1.34 2.84 4.34 0.03 2.20 3.35 4.50 0.02
oy, | 10O to PAD 150 | 235 | 3.20 0.02 214 | 314 | 414 0.02
touy | Propagation Delay, 148 | 298 | 4.48 0.03 229 | 344 | 459 0.02
tpp.  |UDDR to PAD 167 | 252 | 3.37 0.02 235 | 335 | 4.35 0.02
t, _|Output Rise Time, PAD 031 | 376 | 7.21 0.07 052 | 287 | 5.22 0.05
t _ |Output Fall Time, PAD 050 | 1.90 | 3.30 0.03 059 | 229 | 3.99 0.03
t, _ |Output Rise Time, TDO 062 | 062 | 0.62 0.00 087 | 087 | 087 0.00
t  |Output Fall Time, TDO 041 | 041 | 0.41 0.00 052 | 052 | 052 0.00
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ONTPCJ ONLTPCJ J

I MOTOROLA TECHNICAL DATA I

|
|
TTL SWITCHING CHARACTERISTICS i

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
Sym Parameter SV 3383V i
Y PF=0 | pF=50 | pF=100] K (ns/pF) | pF=0 | pF=50 | pF=100] K (ns/pF) |
ONTPCJ ONLTPCJ |
tory |Propagation Delay, 071 ] 071 | o071 0.00 104 | 104 | 1.04 0.00 ]Q
tpy. |CKDR to TDO 072 [ 072 | 072 0.00 1.01 | 101 | 1.0 0.00 I
tpin  |Propagation Delay, 0.84 1.59 2.35 0.01 1.43 2.33 3.23 0.02 '
tp |DO to PAD 126 | 2.46 [ 3.66 0.02 164 | 2.84 | 4.04 0.02 ;
tprz |Propagation Delay, 1.00 1.01 1.01 0.00 1.25 1.26 1.26 0.00 '
tpzx |ENto PAD 110 | 235 | 3.60 0.03 133 | 253 | 373 0.02
tpzn |Propagation Delay, 0.69 1.49 2.29 0.02 1.17 2.07 2.97 0.02
tpyz |EN to PAD 069 | 069 | 0.70 0.00 114 | 114 | 115 0.00
tpry |Propagation Delay, 102 | 177 | 252 0.01 1.71 | 2.61 3.51 0.02
. |OMC to PAD 1.42 | 2.67 | 3.92 0.03 191 | 311 | 431 0.02
tpry |Propagation Delay, 1.27 2.02 2.77 0.01 2.14 3.04 3.94 0.02
tpy | 10O to PAD 161 | 2.81 | 4.01 0.02 220 | 340 | 4.60 0.02
tery | Propagation Delay, 1.41 2.16 2.91 0.01 2.23 3.13 4.03 0.02
tpr. |UDDR to PAD 178 | 2.98 [ 4.18 0.02 241 | 361 | 481 0.02
t, |Output Rise Time, PAD 031 | 376 | 7.21 0.07 052 | 287 | 522 0.05
t  |Output Fall Time, PAD 050 | 190 [ 3.30 0.03 059 | 229 | 399 0.03
t, _|Output Rise Time, TDO 062 | 062 | 0.62 0.00 087 | 087 | 087 0.00
t _ |Output Fall Time, TDO 041 | 041 | 041 0.00 052 | 052 | 052 0.00
PCUTTL TIMING REQUIREMENTS (Input Edge Rate t,,t=1.00ns) Rev. 1.07
5/5V 3.33.3V
Sym Parameter
Minimum Requirement | Minimum Requirement
ONTPCJ ONLTPCJ
tsy |Set Up Time, DO to CKDR 0.19 0.40
ts, |Set Up Time, SHDR to CKDR 0.25 0.43
tsy |Set Up Time, TDI to CKDR 0.14 0.28
t, [Hold Time, CKDR to DO 0.25 0.35
t, [Hold Time, CKDR to SHDR 0.19 0.25
t, |Hold Time, CKDR to TDI 0.32 0.42
t, |Pulse Width, CKDR(L) 0.40 0.67
t, |Pulse Width, CKDR(H) 0.78 1.18
t, |Pulse Width, UDDR(L) 0.05 0.08
t, |Pulse Width, UDDR(H) 0.46 0.64
H4CPlus Series Design Reference Guide MOTOROLA
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FUNCTIONAL DIAGRAM: ONTPCJ
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I MOTOROLA TECHNICAL DATA I

BNTPCJ BNLTPCJ

PCI Non-Inverting 3-State Bidirectional 5/5V BNTPCJ &
Output -JTAG 3.3/3.3V BNLTPCJ
(3 V and 5 V System/Core Voltage)
FUNCTION TABLE
MACRO SECTIONS USED TTAG L1 1
Al 10 oo N PAD EN DO DI
Rev. 1.07 L H L
MACRO OUTPUTS/INPUTS " H "
BIC,DI,TDO / X N 2
Al |DO,EN,CKDR,UDDR,IMC,SHDR,
TDI,OMC,IPT
JTAG — CKDR
MACRO INPUT CAP. For JTAG Truth Table Information, - UDDR
See Table 6, “JTAG Logic Truth Ta- —
CKDR,TDI: 0.04pF bles - Outputs,” on page 182 in this - %%R
Al DO,IPT: 0.24pF Manual, 135 00 |—
EN: 0.21pF —omc
IMC,OMC,SHDR,UDDR: 0.10pF
MACRO OUTPUT CAP. IPT
Al PAD: 5.10pF |
BNTPCJ
BNLTPCJ f
BIC
XX
XXX
PAD
PCI SWITCHING CHARACTERISTICS
(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
5/5V 3.3/3.3V
Sym Parameter
pF=0 TpF=so | pF=100 | K (ns/pF) | pF=0 | pF=50 ] pF=100 | K (ns/pF)
BNTPCJ BNLTPCJ
tpuy  |Propagation Delay, 0.70 0.70 0.70 0.00 1.04 1.04 1.04 0.00
toy.  |CKDR to TDO 0.72 0.72 0.72 0.00 1.01 1.01 1.01 0.00
touy | Propagation Delay, 0.92 2.42 3.92 0.03 1.56 2.71 3.86 0.02
oy |PO to PAD 115 2.00 2.85 0.02 1.59 2.59 3.59 0.02
to.z |Propagation Delay, 0.90 0.91 0.91 0.00 1.30 1.30 1.31 0.00
tpzx |ENto PAD 0.99 184 | 2.69 0.02 138 | 2.38 3.38 0.02
tpzy  |Propagation Delay, 0.75 2.30 3.85 0.03 1.36 2.51 3.66 0.02
tpyz |ENto PAD 0.74 0.75 0.75 0.00 1.34 1.34 1.35 0.00
tpry  |Propagation Delay, 1.38 2.88 4.38 0.03 2.18 3.33 4.48 0.02
oy, |OMC to PAD 1.70 2.50 3.30 0.02 2.28 3.08 3.88 0.02
tpLy | Propagation Delay, 1.91 3.41 4.91 0.03 3.03 413 523 0.02
tpy | 1DO to PAD 2.13 2.93 373 0.02 3.00 3.95 4.90 0.02
tpiy  |Propagation Delay, 2.01 3.51 5.01 0.03 3.10 4.20 5.30 0.02
to.  |UDDR to PAD 2.31 3.11 3.91 0.02 3.20 4.15 5.10 0.02
t, _ |Oufput Rise Time, PAD 0.31 3.76 7.21 0.07 0.52 2.87 5.22 0.05
t _ |Output Fail Time, PAD 0.50 1.90 3.30 0.03 0.59 2.29 3.99 0.03
t, _|Output Rise Time, TDO 0.63 0.63 0.63 0.00 0.87 0.87 0.87 0.00
t _ |Output Fall Time, TDO 0.41 0.41 0.41 0.00 0.52 0.52 0.52 0.00
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PCI SWITCHING CHARACTERISTICS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
Sym Parameter 5/5V 3333V
FO=0 | FO=2 | FO=8 1 K (ns/pF) | FO=0 | FO=2 | FO=8 | K (ns/pF)
BNTPCJ BNLTPCJ
tpry  |Propagation Delay, 0.756 0.77 0.84 0.22 1.07 1.10 1.19 0.31
tpy,  |IMCto DI 0.51 0.52 0.56 0.13 0.68 0.70 0.76 0.19
tpy  |Propagation Delay, 0.16 0.17 0.20 0.12 0.28 0.29 0.34 0.16
tpyr |IPTto DI 0.32 0.34 0.40 0.18 0.48 0.50 0.57 0.23
tpuy  |Propagation Delay, 0.79 0.80 0.84 0.13 1.17 1.19 1.25 0.19
tpy, | 10Ot DI 0.88 0.90 0.97 0.21 1.32 1.35 1.44 0.31
tpy | Propagation Delay, 0.89 0.91 0.95 0.13 1.25 1.27 1.33 0.19
toyr |UDDR to DI 1.05 1.08 1.14 0.22 1.52 1.55 1.65 0.31
t,  |Output Rise Time, DI 0.20 0.23 0.29 0.22 0.18 0.21 0.32 0.35
t, _ |Output Fall Time, DI 0.24 0.25 0.31 0.19 0.24 0.27 0.35 0.26

Capacitance per fanout = 0.05 pF (metal capacitance is not included).

TTL SWITCHING CHARACTERISTICS

(Input Edge Rate tr,tf=1.00ns) TJ= 25.0°C (Nominal) all units are in ns. Rev. 1.07
s P . 5/5V 33333V
ym arameter pF=0 | pF=50 | pF=100 ] K (ns/pF) | pF=0 | pF=50 | pF=100 ] K (ns/pF)
BNTPCJ BNLTPCJ
oy | Propagation Delay, 070 | 070 | 070 0.00 1.04 1.04 1.04 0.00
toy.  |CKDR to TDO 072 | 072 | 072 0.00 1.01 1.01 1.01 0.00
toiy | Propagation Delay, 0.85 1.60 | 2.35 0.01 1.50 2.40 3.30 0.02
o  |DO to PAD 1.26 251 376 0.03 1.65 2.85 4,05 0.02
tp.z |Propagation Delay, 1.02 1.02 1