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High Performance ECL Data
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This databook contains device specifications for Motorola’s advanced ECL logic families, ECLinPS and
ECLInPS Lite.

ECLinPS* (ECL in picoseconds) was developed in response to the need for an even higher
performance ECL family of standard logic functions, particularly in the Computer, Automated Test,
Instrumentation and Communications industries. Family general features as well as specific functions
were developed in close consultation with ECL systems design engineers.

ECLInPS offers the user a single gate delay of 500ps max., including package delay, and a flip-flop
toggle frequency of 1100MHz.

ECLInPS is compatible with two different ECL standards. Each function is available with either MECL
10H compatibility (MC10Exxx series) or 100K compatibility (MC100Exxx series).

ECLInPS Lite is Motorola’s family of single, essential logic primitives, (gates, muxes, flops etc.) along
with translators, low voltage ECL logic devices and PLL support products.

ECLInPS is offered in the 28-lead plastic leaded chip carrier (PLCC), a J-lead surface mount IC
package. ECLInPS Lite is offered in either 8, 16 or 20-lead industry standard SOIC packaging. These
packages were selected for high performance, reduced parasitics and good thermal handling in low
cost, standard packages, and reflect the industry trend towards surface mount assembly.

* Any reference to ECLinPS in the General Information or Applications Information sections of this book,
unless otherwise noted, will include the ECLinPS Lite and Low Voltage ECLinPS families.

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes
no warranty, representation or guarantee regarding the suitability of its products for any particular purpose,
nor does Motorola assume any liability arising out of the application or use of any product or circuit, and specifi-
cally disclaims any and all liability, including without limitation consequential or incidental damages. “Typical”
parameters which may be provided in Motorola data sheets and/or specifications can and do vary in different
applications and actual performance may vary over time. All operating parameters, including “Typicals” must
be validated for each customer application by customer’s technical experts. Motorola does not convey any
license under its patent rights nor the rights of others. Motorola products are not designed, intended, or autho-
rized for use as components in systems intended for surgical implant into the body, or other applications in-
tended to support or sustain life, or for any other application in which the failure of the Motorola product could
create a situation where personal injury or death may occur. Should Buyer purchase or use Motorola products
for any such unintended or unauthorized application, Buyer shall indemnify and hold Motorola and its officers,
employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and ex-
penses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that Motorola was negligent
regarding the design or manufacture of the part. Motorola and M) are registered trademarks of Motorola, Inc.
Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.
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This section contains a numerical listing of
ECLinPS and ECLInPS Lite family functions, a
technical overview of the ECLInPS amd ECLInPS
Lite families and an outline of their electrical
characteristics. In addition, this section outlines the
procedures and philosophies used to AC test the
families. (MC10E/EL series devices are compatible
with the MECL 10H family. MC100E/EL series are
compatible with 100K ECL.)
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MOTOROLA
SEMICONDUCTOR GENERAL INFORMATION

SECTION 1
Numeric Index

ECLinPS Devices

Mc10/ mc1o/

MC100 Function Page MC100 Function Page
EO16 8-Bit Synch Binary Counter 2-3 E171 3-Bit 4:1 Multiplexer 2-66
E101 Quad 4-Input OR/NOR Gate 2-9 E175 9-Bit Latch w/ Parity Gen/Checker 2-68
E104 Quint 2-Input AND/NAND Gate 2-1 E193 8-Bit EDAC/Parity 2-70
E107 Quint 2-Input XOR/XNOR Gate 2-13 E195 Programmable Delay Chip 2-72
E111 1:9 Differential Clock Driver 2-15 E196 Programmable Delay Chip 2-75
E112 Quad Drive, Common Enable 2-18 E197* High Speed Data Separator 2-80
E116 Quint Diff Line Receiver 2-20 E/LVE210+ | Dual 1:4, 1:5 Differential Fanout Buffer 4-7
E122 9-Bit Buffer 2-22 E211 1:6 Differential Clock Distribution 2-95
E131 4-Bit D Flip-Flop 2-24 E212 3-Bit Scannable ECL Driver 2-100
E136 6-Bit Universal Counter 2-26 E241 8-Bit Scannable Register 2-102
E137 8-Bit Ripple Counter 2-33 E256 3-Bit 4:1 Mux Latch 2-104
E141 8-Bit Universal Shift Register 2-36 E/LVE3107% | 2:8 Differential Fanout Buffer 4-14
E142 9-Bit Shift Register 2-38 E336 3-Bit Registered Bus Transceiver 2-108
E143 9-Bit Hold Register 2-40 E337 3-Bit Scannable Bus Tracnsceiver 2-110
E150 6-Bit D Latch 2-42 E404 Quad High Freq Diff AND 2-113
E151 6-Bit D Register 2-44 E411* 1:9 Diff ECL/PECL RAMBus Clk Buffer 2-115
E154 5-Bit 2:1 Mux Latch 2-46 E416 Quint High Freq Line Receiver 2-119
E155 6-Bit 2:1 Mux Latch '2-48 E431 3-Bit Diff Set/Reset Flip-Flop 2-121
E156 3-Bit 4:1 Mux Latch 2-50 E445 1:4 Serial/Parallel Converter 2-123
E157 Quad 2:1 Mux, Separate Selects 2-52 E446 4:1 Parallel/Serial Converter 2-129
E158 5-Bit 2:1 Multiplexer 2-54 E451 6-Bit D Reg Diff D and Clk 2-133
E160 12-Bit Parity Gen/Checker 2-56 E452 5-Bit D Reg Diff D Clk and Q 2-135
E163 2-Bit 8:1 Multiplexer 2-58 E457 Triple High Freq Diff 2:1 Mux 2-137
E164 16:1 Multiplexer 2-60 E1651* Dual Analog Comparator 2-140
E166 9-Bit Magnitude Comparator 2-62 E1652* Dual Analog Comparator 2-144
E167 6-Bit 2:1 Mux Register 2-64 *10E version only

+ Available in 100E/100LVE versions only.
ECLiInPS Lite Devices

McC10/ mc10/

MC100 Function Page MC100 Function Page
ELO1 4-Input OR/NOR 3-7 EL51 D Flip-Flop w/ Reset and Diff Clock 3-37
ELO4 2-Input AND/NAND 3-8 EL52 D Flip-Flop w/ Diff Data and Clock 3-39
ELO5 2-Input Differential AND/NAND 3-9 ELS6* Dual Differential 2:1 Multiplexer 4-44
ELO7 2-Input XOR/XNOR 3-11 EL57 4:1 Differential Multiplexer 342
EL11 1:2 Differential Fanout Buffer 3-12 EL58 2:1 Multiplexer 3-44
EL12 Low Impedance Driver 3-14 EL59** Triple 2:1 Multiplexer 4-47
EL13** Dual 1:3 Fanout Buffer 4-20 EL89* Coaxial Cable Driver 3-46
EL14** 1:5 Clock Distribution Chip 4-22 EL90 Triple ECL to PECL Translator 4-49
EL15 1:4 Clock Distribution Chip 3-17 EL91 Triple PECL to ECL Translator 4-52
EL16 Differential Line Receiver 3-20 ELT20 TTL to Differential PECL Translator 3-51
EL17* Quad Differential Receiver 4-27 ELT21 Differential PECL to TLL Translator 3-53
EL29* Dual Diff Data/Clock D Flip—Flop SR 4-29 ELT22 Dual TTL to Diff PECL Translator 3-55
EL30™ Triple D Flip—Flop With Set & Reset 4-31 ELT23} Dual Diff PECL to TTL Translator 3-57
EL31 D Flip-Flop With Set and Reset 3-25 ELT24 Dual TTL to Diff ECL Translator 3-59
EL32 Integrated +2 Divider, Diff Input 3-27 ELT25 Dual Diff ECL to TTL Translator 3-61
EL33 Integrated +4 Divider, Diff Input 3-29 ELT26 1:2 Fanout Diff PECL to TTL Trans 3-63
EL34 +2, +4, +8 Clock Generation Chip 3-31 ELT28 TTL to Diff PECL/Diff PECL to TTL 3-64
EL35 ‘ JK Flip-Flop ) ) 3-33 * Available in 10EL version only. 1 Available in 100ELT version only.
ELag™ +2, +4/6 Clock Generation Chip 435 ** Available in 100EL version only.

EL39** +2/4, +4/6 Clock Generation Chip 4-39
MOTOROLA 1-2 ECLinPS and ECLInPS Lite
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Low Voltage ECLinPS and ECLinPS Lite Devices

Device Nomenclature

MC100 Function Page MC100 Function Page
LVE111 1:9 Differential Clock Driver 4-2 LVEL30 Triple D Flip—Flop With Set & Reset 4-31
LVE164 16:1 Multiplexer 4-5 LVEL32 +2 Divider 4-33
LVE210 Dual 1:4, 1:5 Diff Fanout Buffer 4-7 LVEL38 +2, +4/6 Clock Generation Chip 4-35
LVE222 1:15 Diff ECL/PECL Clock Driver 4-11 LVEL39 +2/4, +4/6 Clock Generation Chip 4-39
LVE310 2:8 Differential Fanout Buffer 4-14 LVEL51 Differential Clock D Flip—~Flop 4-42
LVELM 1:2 Differential Fanout Buffer 4-18 LVEL56 Dual Differential 2:1 Multiplexer 4-44
LVEL13 Dual 1:3 Fanout Buffer 4-20 LVEL59 Triple 2:1 Multiplexer 4-47
LVEL14 1:5 Clock Distribution Chip 4-22 LVEL90 Triple ECL to PECL Translator 4-49
LVEL16 Differential Receiver 4-25 LVEL91 Triple PECL to ECL Translator 4-52
LVEL17 Quad Differential Receiver 4-27 LVEL92 Triple PECL to LVPECL Translator 4-55
LVEL29 Dual Diff Data/Clock D Flip—Flop SR 4-29

Device Nomenclature
ECLinPS, ECLinPS Lite
MC WwWw XXX YYY 2ZZ
Package Type
Motorola * FN=PLCC

Circuit Identifier

o MC = Fully Qualified Circuit
e XC = Non Reliability Qualified

Compatibility Identifier

« 10 = 10H Compatible (0 to +85°C)
* 100 = 100K Compatible (0 to +85°C)

o D = Plastic SOIC
e L =Ceramic DIP
o P = Plastic DIP

Function Type
o YYY = 3-Digits for ECLinPS
o YY=2-Digits for ECLinPS Lite

SECTION 3
Selection Guide

ECLinPS Family Identifier
e E=ECLinPS
e EL = ECLInPS Lite
e ELT = ECLInPS Lite Translator
e LVE = Low Voltage ECLInPS
e LVEL = Low Voltage ECLInPS Lite

Gates Buffers
Single 4-Input OR/NOR ELO1 9-Bit Buffer E122
Quad 4-Input OR/NOR E101 1:2 Differential Fanout Buffer ELLVEL11%
Single 2-Input AND/NAND ELO4 1:4 Clock Distribution Chip EL15
Quint 2-Input AND/NAND E104 1:9 Differential Clock Driver E/LVE111%
Single 2-Input Differential AND/NAND ELO5 1:9 Diff ECLY/PECL RAMBus Clock Buffer E411*
Single 2-Input XOR/XNOR ELO7 Daul 1:3 Fanout Buffer EL/LVEL13f
Quint 2-input XOR/XNOR E107 Single Driver With Enable EL12
Quad 2-Input AND/NAND, Differential E404 Dual 1:4, 1:5 Differential Fanout Buffer E/LVE2101
* Available in 10x Version Only. 2:8 Differential Fanout Buffer E/LVE3107
F Available in 100x Version Only. Quad Driver with Enable E112
% ECLinPS/Lite Versions is 10x/100x. Low-Voltage in 100x Only.
3-Bit Scannable Driver E212
ECLinPS and ECLInPS Lite 1-3 MOTOROLA
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Selection Guide

Flip-Flops/Registers

Selection Guide (continued)

Parity Generator/Comparator

Single D (Set & Reset) EL31 12-Bit Parity Generator/Checker E160
Dual Differential D EL/LVEL29} 9-Bit Magnitude Comparator E166
4-Bit D (Async Set & Reset) E131 8-Bit Error Detection/Correction (EDAC) E193
Triple D EL/LVEL30} 9-Bit Latch w/Parity Gen/Checker E175
Single D (Reset & Differential Clock) EL/LVEL51% Line Receivers
6-Bit D (Async Reset) E151 Quint Differential Line Receiver E116
6-Bit D (Differential Data & Clock inputs) E451 Differential Line Receiver EL/LVEL16%
9-Bit Hold Register E143 Quad Differential Line Receiver EL/LVEL17+
3-Bit D (Edge Triggered Set & Reset) E431 6-Bit D Reg., Diff Data & CLK Inputs E451
Single JK EL35 ) Quint High Freq. Differential Line Receiver E416
Single D (Differential Data & Clock) EL52 .
5-Bit Differential D Register E452 Bus Transceivers
3-Bit Registered Bus Transceiver E336
Latches 3-Bit Scannable Register Bus Transceiver E337
6-Bit D (Async Reset) E150 Translators
9-Bit Latch w/Parity Gen/Checker E175 -
Triple ECL to PECL Translator EL/LVEL90¥
Multiplexers Triple PECL to ECL Translator EL/LVEL91¥
Single 4:1 Differential Mulgiplexer EL57 Triple PECL to LVPECL Translator LVEL92T
Single 2:1 Multiplexer EL58 TLL to Differential PECL Translator ELT20
Dual Differential 2:1 Multiplexer EL/LVELS6F Differential PECL to TTL Translator ELT21
Triple 2:1 Multiplexer EL/LVEL59F Dual TTL to Differential PECL Translator ELT22
5-Bit 2:1 Multiplexer E158 Dual Differential PECL to TTL Translator ELT231
3-Bit 4:1 Multiplexer E171 Dual TTL to Differential ECL Translator ELT24
2-Bit 8:1 Multiplexer E163 Dual Differential ECL to TTL Translator ELT25
Single 16:1 Multiplexer E164 1:2 Fanout Differential PECL to TTL Translator ELT26
Quad 2:1 Mux, Individual Select E157 TTL to Diff PECL/Diff PECL to TTL Translator ELT28
Triple 2:1 Mux, Differential E457 Miscellaneous
Mux-Latches Integrated +2 Divider, Differential Input EULVEL32%
5-Bit 2:1 Mux-Latch E154 Integrated +4 Divider, Differential Input EL33
6-Bit 2:1 Mux-Latch E155 +2, +4, +8 Clock Generation Chip EL34
3-Bit 4:1 Mux-Latch E156 +2, +4/6 Clock Generation Chip EL/LVEL38Y
3-Bit 4:1 Mux-Latch E256 +2/4, +4/6 Clock Generation Chip EL/LVEL39Y
Mux-Registers Coaxial Cable Driver EL89*
6-Bit 21 Mux-Register E167 Programmable Delay Chip, Digital E195
Programmable Delay Chip, Digital & Analog E196
Counters Hard Disk Data Separator E197*
8-Bit Synchronous Binary Counter EO16 1:4 Serial/Parallel Converter E445
6-Bit Synchronous Universal Counter E136 4:1 Parallel/Serial Converter E446
8-Bit Ripple Counter E137 Dual Analog Comparator with Latch E1651*
Shift Registers Dual Analog Comparator w/ Latch & Hysteresis E1652*
8-Bit Shift Register (bidirectional) E141 * Available in 10x Version Only.
8-Bit Scannable Register (unidirectional) E241 T Available in 100x Version Only.
o . L % ECLinPS/Lite Versions is 10x/100x. Low—Voltage in 100x Only.
9-Bit Shift Register (unidirectional) E142
9-Bit Hold Register E143
3-Bit Scannable Driver E212

MOTOROLA
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SEMICONDUCTOR GENERAL INFORMATION

SECTION 4
Family Overview

Introduction

Advances in bipolar processes led to a proliferation of very
high speed LS| and VLSI gate arrays in high end computer
applications. The advent of these high speed arrays created
a need for a high speed logic family to tie or “glue” them
together. Because arrays have a finite amount of circuitry and
1/0 pins, glue functions which are sensitive to either of these
parameters may be better performed off of the array. In
addition glue functions which require very tight skew control
may be difficult to perform on an array due to the inherent skew
of the large packages associated with large gate arrays.
Therefore although the trend is to push more and more of the
logic onto the array, there are design constraints which make
performing some of the logic, such as clock distribution,
multiplexing, decoding, latching, memory addressing and
translating, in glue an attractive alternative.

The high end computer segment is not the only market
segment pushing for higher performance logic parts. ATE,
instrumentation and communication designs can have data
rate requirements ranging from 300MHz to as high as 2.5GHz.
Because large high speed arrays do not always lend
themselves to passing high frequency signals on and off chip,
portions of the designs must be realized with discrete logic.
The current bipolar logic families are not capable of operating
at these high frequencies.

To answer the call for a very high speed bipolar logic family
Motorola designed and produced the ECLinPS* (ECL in Pico
Seconds) logic family. The family is designed to meet the most
stringent of system requirements in speed, skew and board
density as well as maintaining compatibility to existing ECL
families.

ECL Design Benefits

The speed benefits of an ECL design over those of
alternative logic technologies are well documented, however
there are a number of other important features that make
ECL an attractive technology for system designs. The
ECLInPS logic family, as with other ECL families, affords the
following advantages:

Complimentary Outputs

Complimentary outputs are available on many functions
with equal propagation delays between the two paths. This
alleviates the need for external inverters and saves system
power and board space while maintaining exceptional
system timing.

Transmission Line Drive Capability

The low output impedance, high input impedance and
high current drive capability of ECL makes it an ideal
technology for driving transmission lines. Regardiess of the
technology, as system speeds increase, interconnect
becomes more of a transmission line phenomenon. With
ECL no special line driving devices are necessary, as all
ECL devices are line drivers.

Constant Power Supply Current Drain

Because of the differential amplifier design used for ECL
circuits, the currentis not switched on and off but rather simply
steered between two paths. Thus the current drain of an ECL
device is independent of the logic state and the frequency of
operation. This current stability greatly simplifies system
power supply design.

Input Pulldown Resistors

ECL inputs have 50KQ — 75KQ internal pulldown resistors
which pull the input to VEE (logic LOW) when left open. This
allows unused inputs to be left open and greatly simplifies
logic design.

Differential Drive Capability

Because of the presence of high current drive
complimentary outputs, ECL circuits are ideally suited for
driving twisted pair lines or cables over long distances. With
common mode noise rejection of 1V or more, ECL line
receivers are less susceptible to common mode noise. In
addition, their differential inputs need only a few hundred
millivolt voltage differences to correctly interpret the logic.

High Speed Design Philosophy

Today a truly high speed logic family needs more than
simply short propagation delays. The minimization of all types
of skew, as well as a level of logic density which affords a
smaller amount of board space for an equivalent function, are
also necessities of a high speed family. The following
summary will outline the steps taken by Motorola to achieve
these goals in the development of the ECLInPS logic family.

Fast Propagation Delays

The ECLInPS family boasts 500ps maximum packaged
gate delays and typical flip-flop toggle frequencies of 1.4GHz.
Simple gate functions show typical propagation delays of
360ps at 25mW of power for a speed power product of only
9pdJ. For higher density devices internal gates run at 100ps
with 5mW of power for a speed power product of only 0.5pJ.

* Any reference to ECLiInPS in this section includes the ECLinPS Lite and Low Voltage ECLinPS families.

ECLinPS and ECLInPS Lite
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Family Overview

Internal Differential Interconnect

The propagation delay window size, skew between rising
and falling inputs and susceptibility to noise are all
phenomenon which are exacerbated by VBB switching
reference variation. By extensively using differential
interconnects internal to the chip, the ECLInPS family has
been able to achieve superior performance in these areas.

Propagation Delay Temperature Insensitivity

The variation of propagation delay through an ECLIinPS
device across temperature is typically less than 50ps. This
stability allows for faster designs due to tighter delay windows
across temperature.

Input Impedance and Loading Capacitance

The input structures of the ECLInPS family show a positive
real impedance across the applicable input frequency range.
This ensures that the system will remain stable and operate
as designed over a wide range of input frequencies. The input
loading capacitance typically measures only 1.5pF and is
virtually independent of input fanout as the device capacitance
is less than 5% of the total. Because the propagation delay of
a signal down a transmission line is adversely affected by
loading capacitance, the overall system speed is enhanced.

Input Buifers

To minimize propagation delays in a system environment,
inputs with a large internal fanout are buffered to minimize the
loading capacitance on the transmission line.

High Level of Integration

28-pin designs allow for the design of 9-bit functions for
implementation in byte plus parity applications. Full byte plus
parity implementation reduces total package count and saves
expensive board space.

Space Efficient Package

Surface mount PLCC package affords a high level of
integration with a minimum amount of required board space.
Quad layout of the package equalizes pin lengths thus
minimizing the skew between similar internal paths.

Flow Through Pin Assignment

Input and output pins have been laid out in a flow through
pattern with the inputs on one side of the package and the
outputs on the other. This flow through pattern helps to simplify
the PC board layout operation.

Multiple Vcco pins

To minimize the noise generated in simultaneous
switching situations, a minimum of three single-ended
outputs per Vocco has been employed in the family.
Optimum placement of these Vs also results in superior
output-to-output skew.

Advanced Bipolar Processing

The ECLInPS logic family is fabricated using Motorola’s
MOSAIC Il process, a process which is two generations
ahead of the process used in the development of the 10H
family. The small geometries and feature sizes of the MOSAIC
Il process enable the ECLiInPS logic family to boast of a nearly
three-fold improvement in speed at less than half the power of
existing ECL logic families.

The MOSAIC Il process is a double polysilicon process
which uses a unique self-alignment scheme for device
electrode and isolation definition. The process features self
aligned submicron emitters as well as polysilicon base,
collector and emitter electrodes. In addition, polysilicon
resistors, diodes and capacitors are available to minimize
the parasitic capacitance of an ECL gate. Figure 1.1
shows a cross section for an NPN device using the
MOSAIC Il process.

Figure 1.1. MOSAIC Ill Cross Section

By incorporating the use of polysilicon contacts and
resistors through the MOSAIC Il process, the parasitic
capacitances of an ECLInPS gate are minimized, thus
minimizing the time constants which comprise the switching
delays of the gate. The resultant gates show delays of 100ps
for internal gates and 200ps for output gates capable of
driving 50Q loads. The small geometries of the process,
nearly 350% reduction in device area compared to a 10H
device, allow these internal gate delays to be achieved at
only 800pA of current.

Universal Compatibility

Each member of the ECLInPS family is available in both of
the existing ECL standards: 10E series devices are
compatible with the MECL 10H family; 100E series devices
are compatible with ECL 100K. In addition, to maintain
compatibility with temperature-compensated, three-level
series-gated gate arrays, the 100E devices are guaranteed to
operate without degradation to a VEE of — 5.46V.

The section below presents a comparison between the two
standards in the new context of the ECLinPS family. The user
is also referred to the Electrical Characteristics section of this
book as well as appropriate family data books and other
literature for descriptive information on the earlier ECL
families.
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Because no supplier previous to Motorola has offered both
ECL standards on an identical process, comparison of
existing 10H and 100K style devices has some limitations.
Comparison of the two standards fabricated with two different
processes has sometimes led to the erroneous conclusion
that there are inherent AC performance differences between
them. In reality this is not the case. The only inherent
difference between the two standards is the difference in the
behavior of the DC characteristics with temperature.

AC Performance

From an IC design standpoint the only differences between
a 10E device and a 100E device in the ECLInPS family is a
small temperature compensation network in the 100E output
gate, and very minimal differences in the two bias generator
networks. Therefore one would expect that from an AC
stand-point the performance of the two standards in the
ECLInPS family should be nearly identical; measurements
prove this to be the case. There is no significant measurable
difference in the rise/fall times, propagation delays or toggle
frequencies when comparing a 10E and 100E device. The
minor difference between previous 10H and 100K designs is
due to the fact that the two are fabricated on different
processes, and in some cases are designed for operation at
different power levels.

Summary

Summarizing the above information, in general, the two
ECL design standards, although differing somewhat in DC
parameters, are nearly identical when one compares the AC
performance for a given device. There may be very small
differences in the AC measurements due to the slightly
smaller output swing of the 100E device. However, these
differences are negligible when compared to the absolute
value of the measurements. Therefore, from an AC
stand-point, there is no real advantage in using one standard
over the other, thus removing AC performance as a decision
variable in high-speed system design.

Packaging

During the definition phase of the ECLinPS family, much
attention was placed on the identification of a suitable
package for the family. The package had to meet the criteria
of minimum parasitics and propagation delays along with an
attractive 1/0O vs board space relationship. Although the DIP
package offered a level of familiarity and convenience, the
performance of the package with a very high speed logic
family was inadequate. In addition to the obvious parasitics
and board space problems, the propagation delays through
the DIP package were nearly twice as long as the delay
through the silicon.

Family Overview

The 28-pin PLCC package emerged as the clear favorite
both internally and with the high speed marketin general. The
package offers a quad layout to minimize both lead lengths
and lead length differences. As a result, the parasitics and
delays of the package are very well suited for a high speed
logic family. In addition, the nearly matched lead lengths allow
for tighter skew among similar paths through the chip.

The board density potential of the PLCC is also attractive in
that it allows for a nearly 100% reduction in board space when
compared to the DIP alternative. The package is
approximately a half inch square with 50 mil spaced J-bend
leads. More detailed measurements can be found in the
package section of this data book. The J-bend leads provide
asmaller footprint than a gull wing package and propose fewer
temperature expansion coefficient mismatch problems than
the leadless alternative.

Thermally, the standard PLCC exhibits a © yp of 43.5°C per
watt at 500lfpm air flow. With this thermal resistance most
28-pin functions can be implemented with the MOSAIC HlI
process without encountering any severe thermal problems.
Formore details on thermal issues of the ECLInPS family refer
to the thermal section of this data book.

Abbreviation Definitions

The following is a list of abbreviations found in this data book
and a brief definition of each.

Current

Icc Total power supply current drawn from the positive
supply by an ECLInPS unit under test.

lgg Total power supply current drawn from an ECLInPS
device under test by the negative supply.

i Currentdrawn by the input of an ECLInPS device witha
specified low level (Vi min) forced on the input.

IINH Currentdrawn by the input of an ECLInPS device witha
specified high level (V)4 max) forced on the input.

louTt The current sourced by an output under specified load
conditions.

Voltage

VBB The switching reference voltage.

VBE Base-to-emitter voltage drop of a transistor at specified
collector and base currents.

\/ol:) Collector-to-base voltage drop of a transistor at

specified collector and base currents.
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Family Overview

Vee The most positive supply voltage to an ECLInPS VeouT The logic LOW voltage level for ECL BUS outputs
device. which attain cutoff of the output emitter follower.
Veceo Power supply connection to the output emitter follower Vsup The maximum voltage difference between VEg and
of an ECLInPS gate. For the ECLInPS logic family Voo V¢ for the E1651 comparator.
and Vg are common nodes.
Timing Parameters
VEE The most negative supply voltage to an ECLinPS
device. tR Waveform rise time of an output signal measured from
the 20% to 80% levels of the signal.
ViH Nominal input logic HIGH voltage level.
tF Waveform fall time of an output signal measured from
Vig max  Maximum (most positive) logic HIGH voltage level for the 20% to 80% levels of the signal.
which all parametric specifications hold.
TPD++ Propagation delay of a signal measured for a
ViHmin  Minimum (least positive) logic HIGH voltage level for rising/falling input to a rising/falling output.
which all parametric specifications hold.
xpt The crossing point of a differential input or output
VIL Nominal input logic LOW voltage. signal. The reference point for which differential delays
are measured.
ViLmax  Maximum (most positive) logic LOW voltage level for
which all parametric specifications hold. TPLH The propagation delay for an output transitioning from
a logic LOW level to a logic HIGH level.
VL min Minimum (least positive) logic HIGH voltage level for
which all parametric specifications hold. TPHL The propagation delay for an output transitioning from
a logic HIGH level to a logic LOW level.
VoH Output logic HIGH voltage level for the specified load
condition. fMAX Maximum input frequency for which an ECLInPS flip
flop will function correctly.
VOHA Output logic HIGH voltage level with the inputs biased
at V) min or VoL max. fcOUNT Maximum input frequency for which an ECLIinPS
counter will function properly.
VoH max Maximum (most positive) logic HIGH output voltage
level. fSHIFT Maximum input frequency for which an ECLInPS shift
register will function properly.
VoH min  Minimum (least positive) logic HIGH output voltage
level. tSKEW The maximum delay difference between similar paths
on a single ECLInPS device.
VoL Output logic LOW voltage level for the specified load
condition. ts Setup time: the minimum amount of time an input must
transition before a clock transition to ensure proper
VOLA Output logic LOW voltage level with the inputs biased function of the device.
at V| min or VoI max.
tH Hold time: the minimum amount of time an input must
VoL max Maximum (most positive) logic LOW output voltage remain asserted after a clock transition to ensure
level. proper operation of the device.
VoL min  Minimum (least positive) logic LOW output voltage tRR Release time or Reset Recovery Time: the minimum
level. amount of time after a signal is de-asserted that a
different input must wait before assertion to ensure
VT Output termination voltage for ECLInPS open emitter proper functionality of the device.
follower outputs.
tyw min Minimum pulse width of a signal necessary to ensure
Vpp Minimum peak-to-peak input voltage for differential proper functionality of a device.
input devices.
VCMR The voltage range in which the logic HIGH voltage level
of a differential input signal must fall for a differential
input device.
MOTOROLA 1-8 ECLInPS and ECLInPS Lite
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Family Overview

Temperature Miscellaneous
TsTG The maximum temperature at which a device may be DuT Device under test.
stored without damage or performance degradation.
CIN Input capacitance of a device.
Ty Junction (or die) temperature of an integrated circuit
device. ZIN Input impedance of a device.
TA Ambient (environment) temperature existing in the Cout Output capacitance of a device.

immediate vicinity of an integrated circuit package.
ZouT Output impedance of a device.

OJA Thermal resistance of an integrated circuit package
between the junction and the ambient. Pp The total dc power applied to a device, not including
any power delivered from the device to the load.
0Jc Thermal resistance of an integrated circuit package
between the junction and the case. Rp Load resistance.
OCcA Thermal resistance of an integrated circuit package RT Transmission line termination resistor.
between the case and the ambient.
Rp An input pull-down resistor.
Ifpm Linear feet per minute.
PUT Pin under test.
SMA Industry standard PCB connector.
ECLinPS and ECLInPS Lite 1-9 MOTOROLA
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SECTION 5
Electrical Characteristics

DC Characteristics

ECLinPS* Transfer Curves

As mentioned in the previous section, except for the E1651,
E1652 and E197 all ECLInPS devices are offered in either 10E
or 100E versions to be compatible with 10H or 100K ECL logic
respectively. The following information will overview the DC
characteristics of the two versions of ECLInPS devices, for
more detailed discussions the reader is referred to the MECL
and F100K data books.

Both 10E and 100E devices produce =800mV output
swings into a specified 50Q to — 2.0V load. However, because
of the low output impedance (Figure 2.1) of both standards,
neither is limited to 50Q2 loads. Larger load resistances can be
used to reduce the system power without sacrificing the speed
of the device. Of course the overall system speed will be
reduced due to the increased delays of the interconnect
traces. In addition, to better drive high capacitive lines, smaller
resistances, down to 25Q, can be used without violating the
50mA max output current specification. It is however
recommended that for lines of less than 35¢, specialized 25Q
driver circuits or “ganged” output schemes should be used to
ensure optimum long term reliability of the device.
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Figure 2.1. Output Characteristics vs Load

The 10E devices are voltage compensated but not
temperature compensated, therefore, aithough the output
voltage levels are insensitive to variations in VEE, they do vary
with temperature. The transfer curves in Figure 2.2 pictorially
illustrate the behavior of the 10E outputs. In order to maintain
noise margins over temperature, it is important that the Vg
switching reference tracks with temperature in such a way as
to remain centered between the VoH and VQL levels. As
shown in Table 2.1, the temperature tracking rates of the VoH
and VoL for a 10E device are not equal. Therefore, it is
necessary to design the VBB reference such that it tracks ata
rate equal to the average rate of the difference between the
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Figure 2.2. ECLinPS 10E Transfer Curves

* Any reference to ECLinPS in this section includes the ECLInPS Lite and Low Voltage ECLinPS families.
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high and low output level tracking rates. Table 2.1 also
outlines the temperature tracking behavior of a 10E Vpg
switching reference.

10E min typ max
AVQH/AT (mV/°C) 1.1 1.2 1.4
AVQL/AT (mV/°C) 0 0.4 0.6
AVBR/AT (MV/°C) 0.6 0.8 1.0
AVOH/AVEE (MV/IV) 0 5 20
AVQL/AVEE (MV/V) 10 30
AVBB/AVEE (mV/V) 0 5 20

100E min typ max
AVOH/AT (mV/°C) -0.15 0 0.15
AVOL/AT (MV/°C) -0.30 0.30
AVBR/AT (mV/°C) -0.20 0.20
AVQH/AVEE (mV/V) 0 5 20
AVOL/AVEE (mV/V) 0 10 30
AVBB/AVEE (MV/V) 0 5 20

Table 2.1. ECLinPS Voltage Level Tracking Rates

The 100E devices, on the other hand, are temperature and
voltage compensated, therefore, the output levels remain
fairly constant over variations in both VEE and temperature.
Figure 2.3 shows the transfer characteristics for a 100E
device. The associated tracking rates are illustrated in Table
2.1. Notice that in this case the Vg switching reference is
designed to remain constant over temperature to maintain an
optimum position within the output swing of the device. This
flat temperature tracking of the internal reference levels leads
to a phenomena particular to the 100E devices.
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Figure 2.3. ECLinPS 100E Transfer Characteristics

Electrical Characteristics

Since the VBEs of the current source transistor reduce with
temperature, if the current source reference remains
constant, as is the case for 100E devices, the Igg of the
device will vary with temperature. Careful scrutiny of the data
sheets will reveal that the worst case Igg for a function is
higher for the 100E version than the 10E version of that
device. As a result, from a power standpoint a 100E device
operating at 85°C with a — 4.5V VEE will be nearly identical to
a 10E device operating with a — 5.2V VEE under identical
temperature conditions.

Although differing somewhat in many DC parameters, 10E
and 100E devices do share a couple of the same DC
characteristics. Both designs show superior IEg vs VEE
tracking rates due to the design of the voltage regulator. With
a tracking rate of <3%/V, this variation can effectively be
ignored during system design. The output level and reference
level variation with VEE are also outstanding as can be seen
in Table 2.1.

Noise Margin

The noise margin of a device is a measure of a device’s
resistance to undesirable switching. For ECLInPS, as well as
all ECL devices, noise margin is a DC specification. The noise
margin is defined as the difference between the voltage level
of an output of the sending device and the required voltage
level of the input of the receiving device. Therefore a worst
case noise margin can be calculated from the ECLinPS data
sheets by simply subtracting the V| max or V|4 min from the
VoL min or VoH max respectively. Table 2.2 below illustrates
the worst case and typical noise margins for both 10E and
100E ECLInPS devices. Notice that the typical noise margins
are approximately 100mV larger than the worst case.

10E 100E

min typ min typ
NMHIGH (mV) 150 240 140 210
NMLow (mV) 150 280 145 230

Table 2.2. DC Noise Margins

As mentioned above, the noise margins of a device are a
DC measurement and thus can lead to some false
impressions of the noise immunity of a system. For instance,
from the chart the worst case noise margin is 140mV for a high
level of a 100E device. This would suggest that an undershoot
on this line of greater than 140mV could cause an error in the
system. This however is not necessarily the case as the
determination as to whether or not an AC noise signal is
propagated is dependent on line impedances, output
impedances and propagation delays as well as noise margins.
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Electrical Characteristics

AC Characteristics

Parameter Definitions

The device data sheets in Section 3 contain specifications
for the propagation delays and rise/fall times for each of the
devices in the ECLInPS family. In addition, where applicable,
skew, setup/hold, maximum toggle frequencies (fimAX), reset
recovery and minimum pulse width specifications are
included. The waveforms and terminologies used in
describing the propagation delays and rise/fall times of the
ECLInPS family are depicted in Figure 2.4 below.

t

RISE AND FALL TIMES

SINGLE-ENDED PROPAGATION DELAY

v.
in ot

Tpd-- Tpd++

Vout ot

Vout

DIFFERENTIAL PROPAGATION DELAY

Figure 2.4. ECLinPS Tpp Measurement Waveforms

Propagation delays and rise/fall times are generally well
understood parameters, however, there is sometimes
confusion surrounding the definitions of more specialized AC
parameters such as skew, setup/hold times, release times,
and maximum frequency. The following few paragraphs will
outline the ways in which Motorola defines these parameters.

Skew Times

In the design of high speed systems skew plays nearly as
important a role as propagation delay. The majority of the
devices in the ECLinPS family have the skew between outputs
specified. This skew specification represents the typical
difference between the delays of similar paths on a single chip.
No maximum value for skew is specified due to the difficulty
in the production testing of this parameter. The user is
encouraged to contact an ECLInPS application engineer to
obtain actual evaluation data if this parameter is critical in their
designs.

Set-Up and Hold Times

Motorola defines the setup time of a device as the minimum
time, prior to the transition of the clock, that an input must be
stable to ensure that the device operates properly. The hold
time, on the other hand, is defined as the minimum time that
an input must remain stable after the transition of the clock to
ensure that the device operates properly. Figure 2.5 illustrates
the way in which Motorola defines setup and hold times.

50%

/50%

Tpd

Vout

Figure 2.5. Set-Up and Hold Waveforms

Release Times

Release times are defined as the minimum amount of time
an input must wait to be clocked after an enable, master reset
or set signal is deactivated to ensure proper operation.
Because more times than not this specification is in reference
toamaster reset operation, this parameteris often called reset
recovery time. Figure 2.6 illustrates the definition of release
time in the Motorola data sheets.
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Master Reset

Clock

Figure 2.6. ECLinPS Release Time Waveforms

fmax Measurement

In general f\jax is measured in the manner shown in Figure
2.7 with the fail criterion being either a swing of 600mV or less,
or a miscount. However, in some cases, the feedback method
of testing can lead to a pessimistic value of fipax because the
feedback path delay is such that the setup times of the device
are violated. If this is the case, it is necessary to have two free
running signal generators to ensure that the setup times are
observed. This parameter, along with fSHIFT and f{COUNT:
represents the maximum frequency at which a particular flip
flop, shift register or counter can be clocked with the divide,
shift or count operation guaranteed. This number is generated
from worst case operating conditions, thus, under nominal
operating conditions, the maximum toggle frequency is higher.

AC Testing ECLinPS Devices

The introduction of the ECLInPS family raised the
performance of silicon to a new domain. As the propagation
delays of logic devices become ever faster the task of

Electrical Characteristics

Data Q

> Clock Q

Figure 2.7. fppax Measurement

correlating between test setups becomes increasingly
challenging. To obtain test results which correlate with
Motorola, various testing techniques must be adhered to. A
typical schematic for an ECLInPS test setup is illustrated in
Figure 2.8.

A solid ground plane is a must in the test setup, as the two
power supplies are bypassed to this ground plane. A 20pF
capacitor from the two power supplies to ground is used to
dampen any supply variations. An RF quality 0.01uF capacitor
from each power pin to ground is used to decouple the fixture.
These 0.01uF capacitors should be located as close to the
power pins of the package as possible. In addition, in order to
minimize the inductance of the power pins, all of the power
leads should be kept as short as possible. The power supplies
are shifted by +2.0V so that the load comprises only the
precision 50Q inputimpedance of the oscilloscope. Use of this
technique will assure that the customer and Motorola are
terminating devices into equivalentloads and willimprove test
correlation.

CHANNEL A
500 COAX
500
DEVICE
GENERATOR 502 C0AX UNDER =
TesT /.
A vee
\(/cec 8/) — OSCILLOSCOPE
+2. I 0.01pF
Vee L CHANNEL B
(+20V) I =
= e 50 W COAX
20uF 20pF
0.01pF % 500
__[ O —
- -3.2v —_ -
* VEE = 3.2V FOR 10Exxx, - 25V FOR 100Exx
** MULTIPLE Vs EXIST ON MOST PARTS

Figure 2.8. Typical ECLinPS Test Setup
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Electrical Characteristics

To further standardize testing, any unused outputs should
be loaded with 502 to ground.

Because the power supplies are shifted, the input levels
must also be shifted by an equal amount. Table 2.3 gives the
typical input levels for the ECLInPS family and their
corresponding +2.0V shifted levels.

10Exxx Typical Shifted
ViL -1.75V +0.25V
ViH -0.90V +1.10V
100Exxx Typical Shifted
VIiL -1.70V +0.30V
VIH -0.95V +1.05V

Table 2.3. ECL Levels after Translating by +2.0V

The test fixture should be in a controlled impedance 502
environment, with any non-50Q interconnects, or stubs,
kept as short as possible (<1/4”). This controlled impedance
environment will help to minimize overshoot and ringing,
two phenomena which can lead to inaccuracies in AC
measurements. To minimize degradation of the input and
output edge rates, a 50Q coaxial cable with a tefion
dielectric is recommended, however any other cable with a
bandwidth of >5.0GHz is adequate. In addition, the cables
from the device under test (DUT) to the inputs of the scope

should be matched in length to prevent any errors due to
different path lengths from the DUT to the scope. The
interconnect fittings should be 50Q SMA straight or SMA
launchers to minimize impedance mismatches at the
interface of the coax and test PC board. Although a teflon
laminate board is preferable, an FR4 laminate board is
acceptable as long as the signal traces are kept to five
inches or less. Longer traces will result in significant edge
rate degradation of the input and output signals.

To make the board useful for incoming inspection or other
volume testing, the board needs to be fitted with a socket.
Although not suitable for AC testing due to different pin lengths
and large parasitics, there are through hole sockets which are
adequate for DC testing of ECLinPS devices. For AC testing
purposes a 28-pin PLCC surface mount socket is
recommended.

To ease the correlation issue, Motorola has developed a
universal AC test board which is now available to customers.
The board is fitted with a PLCC socket and comes with
instructions on how it can be configured for the different device
types in the family. For ordering information see the
description on the following page.

Finally, to ensure correlation between Motorola and the
customer, high-performance, state-of-the-art measuring
equipment should be used. The puise generator must be
capable of producing the required input levels with rise and fall
times of 500ps. In addition, if f\pjAX is going to be tested, a
frequency of up to 1.5GHz may be needed. The oscilloscope
should also be of the utmost in performance with a minimum
bandwidth of 5.0 GHz.

Figure 2.9. ECLinPS AC Test Board
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SECTION 6
Engineering Evaluation Board
for 28-Pin ECL Devices in the PLCC Package

Part # ECLPSBD28

DESCRIPTION
This board is designed to provide a low cost characterization tool for evaluating ECL devices in the ECLinPS Product Family.

The board provides a high bandwidth 50Q controlled impedance environment. The board is universal and can be configured by
the user for any of the 28-pin PLCC devices in the family depending on the input, output, and power pinout layout of the device.
The table below indicates common input/output/power devices.

Group Base Device Pin Compatible Devices
CONF1 E196 E195

CONF2 E142 E016,E141,E143,E241
CONF3 E337 E336

CONF4 E212 E104,E107,E150,E151
CONF5 E156 E155,E167,E171,E256
CONF6 E158 E116,E122,E175,E416
CONF7 E154 E452

CONF8 E101 E131,E157,E404
CONF9 E112

CONF10 E431 E457

CONF11 E111

CONF12 E164 E160

CONF13 E451

CONF14 E163 E166

CONF15 E193

Table 1. Cross Reference of Boan"d Configurations

The board is designed to test devices using the fly-by (Kelvin contact) test method, therefore one input force trace and one
input sense trace exist for each input pin. This allows termination of the input and output signals into the highly accurate 50 ohm
impedance of an oscilloscope. The layout is engineered to have equal length traces from the device under test (DUT) socket to
the sense outputs which simplifies the calibration requirements for accurate AC measurements.

The kit provides a printed circuit board with an attached surface mount socket as well as assembly instructions. For superior
impedance control from the cable to the board, Motorola recommends the use of SMA coaxial connectors.
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Engineering Evaluation Board
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Engineering Evaluation Board

Table 2. Pin Cross Reference

Group Pari(s) P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14
CONF1 E196 |VEE 1 | VB NC NC | ! | o] o] Vce (0] (0]
CONF2 E142 VEE | I I I | | Vee o o (0] o (e} Vee
CONF3  |E337 |VEg I I | i i 1 |vee | 1! NG | O | NC 1| vee
CONF4 E212 VEE [ I 1 I. | Vcc (o} o o (e} Vce o (0] o
CONF5  [E156 |VEE | ] 1 i ] ] ] I {vec| o o |[vec| 0
CONF6 E158 |VEE B 1 1 | 1 Vce (0] (0] Vee 0o (@) Vee (0]
CONF7 E154 |Veg B 1 | 1 1 | | Vee (o] 0o [¢) (o] o
CONF8 E101 VEE 1 1 [ | | I [ | | Vce (0] (o] (0]
CONF9 Et112 VEE 1 oo NC | Vce o] [0) o] [o] Vece (0] o] (0]
CONF10 E431 VEE VB | I I | I IVB I | vee o (e} (o]
CONF11 |E111  |Vce I vB | NC | © o o |vec| o o o o) o o
CONFi2 [E164 |Vgg I I | | ] ] 1 I | I I Jvec| ©
CONF13 | E451 VEE | NC | ! | | | 1 Vee (0] (0] [e] Vce
CONF14 |E163 |VEE | ! | | | | | | | | (0] (o] Vece
CONF15 |E193 |VEg ! ] | | | ] I |vec| O o o) o | vee

Table 2. Pin Cross Reference (continued)

# of
Part(s) | P15 | P16 | P17 | P18 | P19 | P20 | P21 P22 | P23 | P24 | P25 | P26 | P27 | P28 | Connec-
(cont'd) tors
E196 Vee | Vec | NC | NC | | I | | I | | | 35
E142 o Vce o o o Vce | | | | | I l | 37
E337 (e} Vce 1 NC o Vee | | | | I I 1 I 37
E212 o Vee o [¢] o o Vce o | I I I I 1 33
E156 o Vee o o Vee | ! I I | I | I I 40
E158 o Vece o (o] Vee [¢] [¢] Vece I i I I | t 32
E154 - o Vee o o o o Vee I | | | | ! | 38
E101 (¢] Vce (¢] (e] (e} (e} Vece 1 | 1 1 1 1 1 40
E112 o Vee o [0} 0] (e} Vee o o (e} o Vece I ! 26
E431 o Vce O o | | | InvB | 1 VB | | ! 44
E111 Vee o (o} o o (o} (e} Vee o o o VEE 1 | 25
E164 o Vee o (e] Vee | | I ! | ! | | | 44
E451 o Vce o o Vce | | | | | | | VB | 37
E163 NC | Vcc o o Vee | | | [ | | | | | 42
E193 [¢] Vce o o o Vee | | | | | l 1 | 38

KEY: I designates an input
O designates an output
VEg designates the lower voltage rail
Ve designates the upper voltage rail
NC designates a no connect
VB designates Vgp output which should
not be terminated into 50 ohms

ECLinPS and ECLInPS Lite 1-17 MOTOROLA
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Engineering Evaluation Board

ASSEMBLING THE ECLInPS EVALUATION BOARD

The evaluation board is designed for characterizing devices in a laboratory environment using high bandwidth sampling
oscilloscopes such as the Hewlett Packard 54120T, the Tektronix 11800 Series, or the Tektronix 7854. The board is designed using
Kelvin contact (fly-by) techniques to present the input signals to the DUT. Each pin on the board has two traces, one force and one
sense. Input pins use one force and one sense line, while outputs need only a sense line. This means that input signals are
terminated through the sense line into the 50 chm input of a sampling oscilloscope instead of at the input to the DUT. Please refer to
the AC Testing section of the ECLInPS Data Book for further information and a simplified figure of the test setup.

The first step in building a board is determining which input/output/power configuration is necessary for the device of interest. Table
1 onthefirst page of the Applications Information shows all the board configurations. For example, if the devices of interest were the
E104 and the E151, then CONF2 would be selected. Table 2 is a pin cross reference for each configuration.

I. Installing the SMA Connectors

Table 2 indicates the number of SMA connectors needed to populate an evaluation board for a given configuration. Depending on
the device and the parameters of interest, it may not be necessary to install the full complement of SMA connectors. For example,
some devices have two clock inputs or common clocks and individual clocks. Figure 1 is the frontview of the ECLInPS evaluation
board. item A points to the inner ring which connects to the sense traces of the DUT. The outer ring connects to the force traces. An
input requires one SMA connector for the force and one SMA connector for the sense, while an output only requires a connection to
the sense trace. Insert all the SMA connectors into the board and solder to the board. A simple assembly technique is to place a stiff
piece of cardboard (8”x 7” or larger) on top of all the connectors and hold the board and cardboard together. Invert the board, place
on a level surface, and all the connectors will be seated properly and can be soldered in place.

Il. Connecting Power Planes to DUT Socket

There are four voltage planes on the ECLPSBD28. One is dedicated to ground and the other three, B1, B2, B3, are uncommitted.
These planes are accessible through a power connection and sets of four vias that are adjacent to each sense trace. This is
identifiedas Item Bin Figure 1. For standard parts, B1 can be assigned Vo, B2 can be assigned to VEE, and B3 can be assigned to
ground. Table 2 indicates which pins need to be connected to the various supply voltages. On the front side of the board, solder a
jumper wire from the closest VEE or Vo via to the sense trace for each Vo, VCco, and VEE pin. Near the DUT there are sets of
ground/bias plane vias that accommodate power supply decoupling capacitors. These are identified as Item C. On the front side of
the board install 10 uF capacitors and on the back side install a 0.01 uF high frequency capacitor in parallel to decouple the VEE and
Vce planes. '

lil. Cutting Force Traces for Outputs

Because of the design of the board, all force traces for output pins will appear as transmission line stubs connected to the output
pin. On the back side of the board, cut the force traces associated with the outputs using a razor blade knife. It is important to cut
the trace very close to the DUT area to minimize the stub length. Also cut the force traces that are connected to Vo, Voco, and
VEE pins.

IV. Installing the Chip Capacitors for the Vgc/Veco Pins

Inthe kit are 0.01 puF chip capacitors for use in decoupling the Vg and Voo pins to the ground plane. This is critical because the
power pins are not directly connected to the Vc ¢ plane as in an actual board layout. On the back side of the board beneath the DUT
socketare pads foreach pin which allow connection of chip capacitors tothe centerisland (GND) foreach Vcc and Voo pin. Stand
the chip capacitors on edge when soldering them in place so that adjacent pins are not shorted together.

MOTOROLA 1-18 ECLinPS and ECLInPS Lite
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Engineering Evaluation Board

V. Final Assembly

The board power plane interface is designed to accommodate a 15-pin right angle D connector. This can be used directly, or wires
can be inserted into the vias to connect to the power planes that were connected to the DUT in part I1. Attach standoffs into the four
0.25 inch holes at the corners of the board. This completes the assembly of the evaluation board and it should be ready to test.

VI. SMA Connector Suppliers

Below are two suppliers who manufacture PC Mount SMA connectors which interface to the evaluation board. Motorola has used
these two connectors before, but there are other vendors who manufacture similar products.

EF Johnson 0.200” PC Mount SMA
299 Johnson Ave. P.O. Box 1249 Jack Receptacle
Waseca, Minnesota 56093 142-0701-201

(800) 247-8343 or (507) 835-6222

MACOM Omni Spectra 0.200” PC Mount SMA
140 Fourth Avenue Straight Jack
Waltham, Massachusetts 02254 2062-0000-00
(617) 890-4750
ECLinPS and ECLInPS Lite 1-19 MOTOROLA
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High Performance ECL Data
ECLinPS and ECLinPS Lite
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This section contains AC & DC specifications
for each 20, 28-lead PLCC and 16-lead SOIC
ECLInPS device type. Specifications common to
all device types can be found in the first part of
this section. While specifications unique to a
particular device can be found in the individual
data sheets following the family specifications.

Data Sheet Classification

Advance Information — product in the sampling or
pre-production stage at the time of publication.

Product Preview — product in the design stage at
the time of publication.

ECLinPS Family Specifications &

Device Data Sheets

ECLInPS and ECLInPS Lite
DL140 — Rev 4
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ECLiInPS Family Specifications

Absolute Maximum Ratings

Beyond which device life maybe impaired.!

Characteristic Symbol Rating Unit
Power Supply (Vo = 0V) VEE —-8to0 Vde
Input Voltage (Voc = 0V) \ Oto-6V Vde
Output Current — Continuous lout 50 mA
— Surge 100
Operating Temperature Range TA °C
10E Series Oto+85
100E Series Oto+85
Operating Range? VEE -57t0-4.2 v
1. Unless specified otherwise on individual data sheet.
2. Parametric values specified at: 100E series: — 4.2V to — 5.46V
10E series: —4.94V to - 5.46V
10E Series DC Characteristics
VEE =-5.2V +5%; Vog = Veco = GND1
0°C 25°C 75°C 85°C
Symbol Characteristic Min Max Max Min Max Min Max Unit
VOH Output HIGH Voltage -1020 | -840 -980 -810 -920 -735 -910 -720 mvV
VoL Output LOW Voltage -1950 | -1630 | -1950 | -1630 | —1950 | —1600 | —1950 [ —1595 mV
VIH Input HIGH Voltage -1170 -840 -1130 -810 | —1070 -735 -1060 —720 mV
ViL Input LOW Voltage -1950 | —1480 | —-1950 | —1480 | —1950 | —1450 | —-1950 | —1445 mVv
TN Input LOW Current 0.5 0.3 0.3 A

1. 10E series circuits are designed to meet the dc specifications shown in the table, after thermal equilibrium has been established. The circuit is
in atest socket or mounted on a printed circuit board and transverse air flow greater than 500 Ifpm is maintained. Outputs are terminated through
a 50Q resistor to —2.0 volts, except bus outputs which, where specified, are terminated into 25Q.

100E Series DC Characteristics

VEE =-4.2V to - 5.46V; V¢ = Voo = GND; Ta = 0°C to + 85°C

Symbol Characteristic Min Typ Max Unit Conditions

VoH Output HIGH Voltage -1025 - 955 -880 mvV VIN = ViH(max)

VoL Output LOW Voltage -1810 | -1705 | -1620 mvV or V| (min) Loading with
VOHA Output HIGH Voltage -1035 mV VIN = ViH(min) 50Qto—2.0V
VOLA Output LOW Voltage -1610 mV or V|| (max)

ViH Input HIGH Voltage -1165 - 880 mvV Guaranteed HIGH Signal for All Inputs
VIL Input LOW Voltage -1810 —1475 mV Guaranteed LOW Signal for All Inputs
L Input LOW Current 0.5 pA VIN = V|L(min)

This table replaces the three tables at different supply voltages in the previous edition and in ECL 100K literature. The same DC parametric values
at VEg = — 4.5V now apply across the full VEg range of — 4.2 to — 5.46V.

MOTOROLA
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

8-Bit Synchronous Binary
Up Counter

The MC10E/100E016 is a high-speed synchronous, presettable,
cascadable 8-bit binary counter. Architecture and operation are the same
as the MC10HO016 in the MECL 10H family, extended to 8-bits, as shown
in the logic symbol.

The counter features internal feedback of TC, gated by the TCLD
(terminal count load) pin. When TCLD is LOW (or left open, in which case
it is pulled LOW by the internal pull-downs), the TC feedback is disabled,
and counting proceeds continuously, with TC going LOW to indicate an
all-one state. When TCLD is HIGH, the TC feedback causes the counter
to automatically reload upon TC = LOW, thus functioning as a
programmable counter. The Qp outputs do not need to be terminated for
the count function to operate properly. To minimize noise and power,
unused Q outputs should be left unterminated.

o 700MHz Min. Count Frequency
1000ps CLK to Q, TC
Internal TC Feedback (Gated)

o

MC10EO016
MC100EO16

8-BIT SYNCHRONOUS
BINARY UP COUNTER

-

o 8-Bit FN SUFFIX
. == . PLASTIC PACKAGE
o Fully Synchronous Counting and TC Generation CASE 776-02
o Asynchronous Master Reset
o Extended 100E VEE Range of — 4.2V to — 5.46V
o 75kQ Input Pulldown Resistors
FUNCTION TABLE
Pinout: 28-Lead PLCC (Top View) CE | PE | TCLD | MR | CLK Function
PE CE P; Pg Ps Vgoo TC X L X L z Load Parallel (P to Qp)
o T e TN s Y s Y s Yt N | L H L L A Continuous Count
25 24 23 2 21 20 19 L H H L z Count; Load Parallel on TC = LOW
MR 26 18]] o7 Hi{H]| x || z | Hod
X | X X L yv4 Masters Respond, Sla__ves Hold
ok (o7 17 (] ag X | X | x | H| X | Reset(Qn:=LOW,TC:=HIGH)
- Z =clock pulse (low to high);
o [28 6 Voe 7z =clock pulse (high to low)
vee (O 151 a5
PIN NAMES
ne[]2 4[] Voo
Pin Function
Po I: 8 1] Q4 PO~ P7 Parallel Data (Preset) Inputs
Qp-Q7 Data Outputs
P1 E 4 12 -_-l Q3 CE Count Enable Control Input
5 6 7 8 9 10 1 PE Parallel Load Enable Control Input
T T 0 LT T T J gI_HK gl*‘s‘ke’ Reset
Po P3Py V Q o O o 0C
2 3 4 eco o 1 2 TC Terminal Count Output
TCLD TC-Load Control Input

* All Vo and Voo pins are tied together on the die.
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MC10E016 MC100E016

8-BIT BINARY COUNTER LOGIC DIAGRAM

Q Q4 Q7
PE
TCLD J l
________________ n L

N A r A r A

l QOM l ! i CE. |

| Sl e
e ! MASTER| o | SLVE| oo | .—jjl BT1 | eeees o2 BIT7 |

| BITO T | | Osq; |

Qs

PO | | | 6 | |

| | — ] pr—| |

S — — {11 L_.,_lJ I
>
CLK —Eg

BITS2-6 T
5
—
Note that this diagram is provided for understanding of logic operation only.
It should not be used for propagation delays as many gate functions are achieved internally without incurring a full gate delay.
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MC10E016 MC100E016

DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vo = Vcco = GND)

0°C 25°C 85°C
Symbol Characteristic min typ max | min typ max | min typ max | Unit Condition
IIH Input HIGH Current 150 150 150 [ pA
Ieg Power Supply Current : mA
10E 151 181 151 181 151 181
100E 151 181 151 181 174 208
AC CHARACTERISTICS (VEE = VEE(mIn) to VEE(max); VcC = Vcco = GND)
0°C 25°C 85°C
Symbol Characteristic min  typ max | min typ max | min typ max | Unit Condition
fcouNT | Max. Count Frequency 700 900 700 900 700 900 MHz
tPLH Propagation Delay to Output ps
tPHL CLKto Q 600 725 1000 | 600 725 1000 | 600 725 1000
MR to Q 600 775 1000 | 600 775 1000 | 600 775 1000
CLKto TC 550 775 900 | 550 775 900 550 775 1050
MR to TC 625 775 1000 | 625 775 1000 | 625 775 1000
ts Setup Time ps
Pn 150 -30 150 -30 150 -30
CE 600 400 600 400 600 400
PE 600 400 600 400 600 400
TCLD 500 300 500 300 500 300
th Hold Time
Pn 350 .100 350 100 350 100
CE 0 -400 0 -400 0 —400
PE 0 -400 0 -400 0 -400
TCLD 100 -300 100 -300 100 -300
tRR Reset Recovery Time 900 700 900 700 900 700 ps
tpw Minimum Pulse Width ps
CLK, MR 400 400 400
t Rise/Fall Times ps
1 20 - 80% 300 510 800 | 300 510 800 | 300 510
ECLInPS and ECLInPS Lite 2-5 MOTOROLA

DL140 —Rev 4




MC10E016 MC100E016

FUNCTION TABLE
Function PE CE MR TCLD CLK |P7-P4 P3 P2 P1 P0 |Q7-Q4 Q3 Q2 Qi Qo TC
Load L X L X z H H H L L H H H L L H
Count H L L L 4 X X X X X H H H L H H
H L L L z X X X X X H H H H L H
H L L L z X X X X X H H H H H L
H L L L z X X X X X L L L L L H
Load L X L X z H H H L L H H H L L H
Hold H H L X "z X X X X X H H H L L H
H H L X z X X X X X H H H L L H
Load On H L L H Z H L H H L H H H L H H
Terminal H L L H z H L H H L H H H H L H
Count H L L H Z H L H H L H H H H H L
H L L H z H L H H L H L H H L H
H L L H z H L H H L H L H H H H
H L L H 4 H L H H L H H L L L H
Reset X X H X X X X X X X L L L L L H

Applications Information

Cascading Multiple E016 Devices

For applications which call for larger than 8-bit counters
multiple EO16s can be tied together to achieve very wide

bit width counters. The active low terminal count (TC)
output and count enable input (CE) greatly facilitate the
cascading of E016 devices. Two E016s can be cascaded
without the need for external gating, however for counters
wider than 16 bits external OR gates are necessary for
cascade implementations.

Figure 1 below pictorially illustrates the cascading of 4
E016s to build a 32-bit high frequency counter. Note the E101
gates used to OR the terminal count outputs of the lower order
E016s to control the counting operation of the higher order
bits. When the terminal count of the preceding device (or
devices) goes low (the counter reaches an all 1s state) the
more significant E016 is set in its count mode and will count
one binary digit upon the next positive clock transition. In
addition, the preceding devices will also count one bit thus
sending their terminal count outputs back to a high state

disabling the count operation of the more significant counters
and placing them back into hold modes. Therefore, for an
EO016in the chain to count, all of the lower order terminal count
outputs must be in the low state. The bit width of the counter
can be increased or decreased by simply adding or
subtracting E016 devices from Figure 1 and maintaining the
logic pattern illustrated in the same figure.

The maximum frequency of operation for the cascaded
counter chain is set by the propagation delay of the TC output
and the necessary setup time of the CE input and the
propagation delay through the OR gate controlling it (for 16-bit
counters the limitation is only the TC propagation delay and
the CE setup time). Figure 1 shows EL01 gates used to control
the count enable inputs, however, if the frequency of operation
is lower a slower, ECL OR gate can be used. Using the worst
case guarantees for these parameters from the ECLInPS data
book, the maximum count frequency for a greater than 16-bit
counter is 500MHz and that for a 16-bit counter is 6256MHz.

LOAD ©O-
Q0->Q7 Q0->Q7 Qo->Q7 Q0->Q7
L LU (L L
Lo — CE PE — CE PE CE PE CE PE
E016 E016 E016 E016
LsB MSB
>cKk Tf—¢ —>CKk TC —>ck T > ok T
TTTTTTT TTTTTTTT [TTITTIH [TTITTT
P0 ->P7 P0->P7 @ P0 ->P7 @ P0->P7
CLOCK ©-
Figure 1. 32-Bit Cascaded E016 Counter
MOTOROLA 2-6 ECLInPS and ECLInPS Lite
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MC10E016 MC100E016

Applications Information (continued)

Note that this assumes the trace delay between the TC
outputs and the CE inputs are negligible. If this is not
the case estimates of these delays need to be added to
the calculations.

Programmable Divider

The EO16 has been designed with a control pin which
makes it ideal for use as an 8-bit programmable divider. The
TCLD pin (load on terminal count) when asserted reloads the
data present at the parallel input pin (Pn’s) upon reaching
terminal count (an all 1s state on the outputs). Because this
feedback is built internal to the chip, the programmable
division operation will run at very nearly the same frequency
as the maximum counting frequency of the device. Figure 2
belowillustrates the input conditions necessary for utilizing the
E016 as a programmable divider set up to divide by 113.

H L L L H H H H

I N O A B

P7T P6 P5 P4 P3 P2 Pl PO
H— PE
L— CE
H—] TCLD B
T
—{ CLK
Q7 Q6 05 Q4 Q3 @2 Q1 QO

REERERE

Figure 2. Mod 2 to 256 Programmable Divider

To determine what value to load into the device to
accomplish the desired division, the designer simply subtracts
the binary equivalent of the desired divide ratio from the binary
value for 256. As an example for a divide ratio of 113:

Pn’s = 256 — 113 = 8F1g = 1000 1111

Load 1001 0000 1001 0001

1111 1100

where:
PO =LSB and P7 = MSB

Forcing this input condition as per the setup in Figure 2 will
result in the waveforms of Figure 3. Note that the TC output is
used as the divide output and the pulse duration is equal to a

Table 1. Preset Values for Various Divide Ratios

Divide Preset Data Inputs
Ratio P7 P6 P5 P4 P3 P2 P1 PO
2 H H H H H H H L
3 H H H H H H L H
4 H H H H H H L L
5 H H H H H L H H
. ° . . . ° ° ° .
. . . ° . . . . .
112 H L L H L L L L
113 H L L L H H H H
114 H L L L H H H L
. ° . ° . . ° ° °
. L] ° ° ° o ° ° °
254 L L L L L L H L
255 L L L L L L L H
256 L L L L L L L L

full clock period. For even divide ratios, twice the desired
divide ratio can be loaded into the EQ16 and the TC output can
feed the clock input of a toggle flip flop to create a signal
divided as desired with a 50% duty cycle.

A single E016 can be used to divide by any ratio from 2 to
256 inclusive. If divide ratios of greater than 256 are needed
multiple EO16s can be cascaded in a manner similar to that
already discussed. When EO16s are cascaded to build larger
dividers the TCLD pin will no longer provide a means for
loading on terminal count. Because one does not want to
reload the counters until all of the devices in the chain have
reached terminal count, external gating of the TC pins must be
used for multiple E016 divider chains.

1111 1101 1111 1110 111 1111 Load

VNI ANV NIVER NS NIV NIV NI NID G NI

PE —/_
o0
C DIVIDE BY 113
Figure 3. Divide by 113 E016 Programmable Divider Waveforms
ECLInPS and ECLInPS Lite MOTOROLA
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MC10E016 MC100E016

Applications Information (continued)

ELott
Q07 Q-7 Qo-a7 Q->Q7
LI L LU [NARNENN]
LO— CE PE — CE PE CE PE CE PE
E016 E016 E016 E0l6
158 MSB
>cK T[—¢ —>ok T —> ok T > ok TC
TTITTTTT TTTTTTTT @ [TTTTTIT B’ TTTTTTIT
PO->P7 PO->P7 PO->P7 PO->P7
CLOCK
O

Figure 4. 32-Bit Cascaded E016 Programmable Divider

Figure 4 on the following page shows a typical block
diagram of a 32-bit divider chain. Once again to maximize the
frequency of operation ELO1 OR gates were used. For lower
frequency applications a slower OR gate could replace the
ELO1. Note that for a 16-bit divider the OR function feeding the
PE (program enable) input CANNOT be replaced by a wire OR
tie as the TC output of the least significant EO16 must also feed
the CE input of the most significant E016. If the two TC outputs
were OR tied the cascaded count operation would not operate
properly. Because in the cascaded form the PE feedback is
external and requires external gating, the maximum frequency
of operation will be significantly less than the same operation
in a single device.

Maximizing E016 Count Frequency

The E016 device produces 9 fast transitioning single ended
outputs, thus Vo noise can become significant in situations
where all of the outputs switch simultaneously in the same
direction. This Vo noise can negatively impact the maximum
frequency of operation of the device. Since the device does
not need to have the Q outputs terminated to count properly,
it is recommended that if the outputs are not going to be used
in the rest of the system they should be left unterminated. In
addition, if only a subset of the Q outputs are used in the
system only those outputs should be terminated. Not
terminating the unused outputs will not only cut down the Voo
noise generated but will also save in total system power
dissipation. Following these guidelines will allow designers to
either be more aggressive in their designs or provide them
with an extra margin to the published data book specifications.

MOTOROLA
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MOTOROLA

SEMICONDUCTOR TECHNICAL DATA

Quad 4-Input OR/NOR Gate

The MC10E/100E101 is a quad 4-input OR/NOR gate.

o 500ps Max. Propagation Delay

o Extended 100E VEE Range of — 4.2V to — 5.46V

o 75kQ Input Pulldown Resistors

Pinout: 28-Lead PLCC (Top View)

Dsa Dgp D3¢ Dag Veco O3 Q3
T e O e O e O s I s |
%5 24 23 2 2 2 19 |
ngE26 18 D Qo
chE 27 17( ] Q2
Dap[ 28 16 | Vg
vee [JO 5[]q
D2al ]2 1oy
pia]s 131
D1e[]4 12[Ja
5 6 7 8 9 1 1

Dia Dod  Doc Dob

Doa Vcco

* All Vo and Voo pins are tied together on the die.

12/93

LOGIC DIAGRAM

D3¢
Dag

Q3

Doa
Dob ﬁ Q
Doc Qo
Dod
Dia
Dip Q1
Dic ('}
D1g
D2a
Dap Q
Dag [
Dog
D3a
D3p ﬁi Q3

MC10E101
MC100E101

QUAD 4-INPUT
OR/NOR GATE'

FN SUFFIX
PLASTIC PACKAGE
CASE 776-02
PIN NAMES
Pin Function

Doa —D3d Data Inputs

Qp-Q3 True Outputs

Qp-Q3 Inverting Outputs

© Motorola, Inc. 1996
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MC10E101 MC100E101

DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)

0°C 25°C 85°C
Symbol Characteristic min typ max | min typ max | min typ max |Unit | Condition
IIH Input HIGH Current 150 150 150 | pA
IEE Power Supply Current mA
10E 30 36 30 36 30 36
100E 30 36 30 36 35 42
AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); VcC = Voco = GND)
0°C 25°C 85°C
Symbol Characteristic min typ max | min typ max | min typ max | Unit Condition
tPLH Propagation Delay to Output ps
tPHL DtoQ 200 350 500 | 200 350 500 { 200 350 500
tSKEW Within-Device Skew 50 50 50 ps 1
tSKEW Within-Gate Skew 25 25 25 2
tr Rise/Fall Time ps
t 20 - 80% 300 380 575 | 300 380 575 300 380 575

-

. Within-device skew is defined as identical transitions on similar paths through a device.

2. Within-gate skew is defined as the variation in propagation delays of a gate when driven from its different inputs.

MOTOROLA
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Quint 2-Input AND/NAND Gate MC10E104

The MC10E/100E104 is a quint 2-input AND/NAND gate. The function Mc 1 OOE 1 04
output F is the OR of all five AND gate outputs, while F is the NOR. The Q
outputs need not be terminated if only the F outputs are to be used.

* 600ps Max. Propagation Delay
e OR/NOR Function Outputs

o Extended 100E VEE Range of — 4.2V to — 5.46V QUINT 2-INPUT
e 75kQ Input Pulldown Resistors AND/NAND GATE

Pinout: 28-Lead PLCC (Top View)

Dga D4p Dsa NC Voo F F
i O e O s O s A s Y s O

25 24 23 22 21 20 19
Dab[] 26 18]]0
Daa[ |27 17[] o4 % _‘M
1+
Dan[ |28 16 b vee
FN SUFFIX
o "pe e
Dra[]2 14 b a3
D1p[]3 13[]q
Doa[]4 12[]a,
LOGIC DIAGRAM F
5 6 7 8 9 10 1
7 7 T J J J
Db Veco @ Q Q@ Q1 Veeco
* All Vg and Voo pins are tied together on the die. Doa | ’ Qo
Dob Q
Dia Q
PIN NAMES Dib ‘ l Q
Pin Function
Doa - Dap Data Inputs D2a Q2
Qo—-Q4 AND Outputs .
Qo-Q4 NAND Outputs . Dop Qg
F OR Output
F NOR Output
D3a ‘ Q3
FUNCTION OUTPUTS D3p _/L~————- Q3
F=(Dpa*Dob) + (D1a * D1p) + (D23 * Dap) +
(D3a * Dgp) + (D4a * Dap) D4a ‘ (S
Dap ‘ —

12/93
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MC10E104 MC100E104

DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Ve = Vcco = GND)

0°C 25°C 85°C
Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
IIH Input HIGH Current 200 200 200 | pA
IEg Power Supply Current mA
10E 38 46 38 46 38 46
100E 38 46 38 46 44 53
AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); VcC = VCcO = GND)
0°C 25°C 85°C

Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
tPLH Propagation Delay to Output ps
tPHL DtoQ 225 385 600 | 225 385 600 | 225 385 600

DtoF 500 725 1000 | 500 725 1000 | 500 725 1000
tSKEW Within-Device Skew ps

DtoQ 75 75 75 1
tr Rise/Fall Times ps
tf 20 - 80%

Q 275 425 700 | 275 425 700 | 275 425 700

F 300 475 700 | 300 475 700 300 475 700

1. Within-device skew is defined as identical transitions on similar paths through a device.

MOTOROLA 2-12 ECLInPS and ECLInPS Lite
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Quint 2:-Input XOR/XNOR Gate MCiCE107

The MC10E/100E107 is a quint 2-input XOR/XNOR gate. The function Mc 1] OOE 1! @7
output F is the OR of all five XOR outputs, while F is the NOR. The Q
outputs need not be terminated if only the F outputs are to be used.

o 600ps Max. Propagation Delay
o OR/NOR Function Outputs

o Extended 100E VEE Range of - 4.2V to — 5.46V QUINT 2-INPUT
o 75kQ Input Pulldown Resistors XOR/XNOR GATE

Pinout: 28-Lead PLCC (Top View)

Dya Dsgp Dga NC Vgco F °F
O e N s O O s s O

25 24 23 2 2 20 19 '

Dab 26 18] 0g

Daa[ o7 17[] s

DZb E ’ h :l oe FN SUFFIX

e o ooy

praf] 14[] o

D1b [3 13[]a

e[ zflo, LOGIC DIAGRAM ;
5 6 7 8 9 10 1

CT T 7 T 7 7T J
Dob Vcco @ Qo Q1 Q1 Veco

D3p

F = (Doa ® Dop) + (D1a ® D1p) (D2a ® D2p) +
(D3a © D3p) + (Dag ® Dygp)

D4a

Dap

Doa A\ Qo
* AllVce and Voo pins are tied together on the die. -
Dob Qo
D1a > Q
PIN NAMES fen3
Dib Q1
Pin Function
Doa — D4p Data Inputs \
_ Doa Q2
Qo-Q4 XOR Outputs
Q-1 XNOR Outputs Dab Q
F OR Output
F NOR Output Dsa A\ d Q3
FUNCTION OUTPUTS ' _
#\

1252 MOTOROLA
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MC10E107 MC100E107

DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)

0°C 25°C 85°C
Symbol Characteristic min  typ max [ min typ max | min typ max | Unit [ Condition
IiH Input HIGH Current 200 200 200 | pA
IEg Power Supply Current mA
10E 42 50 42 50 42 50
100E 42 50 42 50 48 58
AC CHARACTERISTICS (VEE =VEE(min) to VEE(max); Vo = Vcco = GND)
0°C 25°C 85°C
Symbol Characteristic min  typ max | min typ max | min typ max | Unit | Condition
tPLH Propagation Delay to Output ps
tPHL DtoQ 250 410 600 | 250 410 600 | 250 410 600
DtoF 500 725 1000 | 500 725 100 | 500 725 1000
tSKEW Within-Device Skew ps
DtoQ 75 75 75 1
4 Rise/Fall Times ps
t 20 - 80%
Q 275 450 700 | 275 450 700 | 275 450 700
F 300 475 700 | 300 475 700 | 300 475 700
1. Within-device skew is defined as identical transitions on similar paths through a device.
MOTOROLA 2-14 ECLInPS and ECLInPS Lite
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

1:9 Differential Clock Driver

The MC10E/100E111 is a low skew 1-to-9 differential driver, designed
with clock distribution in mind. It accepts one signal input, which can be
either differential or else single-ended if the VBg output is used. The
signal is fanned out to 9 identical differential outputs. An enable input is
also provided. A HIGH disables the device by forcing all Q outputs LOW
and all Q outputs HIGH.

o Low Skew

e Guarateed Skew Spec

Differential Design

Vgg Output

Enable

Extended 100E VEE Range of —4.2 to —5.46V
75kQ Input Pulldown Resistors

The device is specifically designed, modeled and produced with low
skew as the key goal. Optimal design and layout serve to minimize gate to
gate skew within-device, and empirical modeling is used to determine
process control limits that ensure consistent tpq distributions from lot to
lot. The net result is a dependable, guaranteed low skew device.

To ensure that the tight skew specification is met it is necessary that
both sides of the differential output are terminated into 50, even if only
one side is being used. In most applications, all nine differential pairs will
be used and therefore terminated. In the case where fewer than nine
pairs are used, it is necessary to terminate at least the output pairs on the
same package side (i.e. sharing the same VccQ) as the pair(s) being
used on that side, in order to maintain minimum skew. Failure to do this
will result in small degradations of propagation delay (on the order of
10-20ps) of the output(s) being used which, while not being catastrophic
to most designs, will mean a loss of skew margin.

MC10E111
MC100E111

1:9 DIFFERENTIAL
CLOCK DRIVER

o

PIN NAMES
Pin Function
IN, IN Differential Input Pair
EN o Enable
Qop, Qo—Qg, Qg Differential Outputs
VBB Vgg Output
Q Q Q1 Voco &1 G @
e O e s N s Y e e
25 24 23 22 21 20 19
Vee [Jo6 18(] Q3
en o7 17]] @3
i [Jee 16[] Q4
v, Pinout: 28-Lead PLCC 5[] ,
cell® (Top View) 1 veco
N[z 1] o
ves L[ 13[] o5
NC [4 12[] Qs
7 10 11

5/95
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®
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®
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_ ™~ Q5
EN e o
s
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P
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MC10E111 MC100E111

DC CHARACTERISTICS (VEE = VEE (min) to VEE (max); Vcc = Vcco = GND)

-40°C 0°C 25°C 85°C
Symbol Characteristic Min Typ Max | Min Typ Max | Min Typ Max | Min Typ Max | Unit | Cond
VBB Output Reference ) v
Voltage 10E | -1.43 -1.30 | -1.38 -1.27 | -1.35 -1.25 | -1.31 -1.19
100E | -1.38 -1.26 | -1.38 -1.26 | -1.38 -1.26 | -1.38 -1.26
IIH Input HIGH 150 150 150 150 | pA
Current
IEE Power Supply mA
Current 10E 48 60 48 60 48 60 48 60
100E 48 60 48 60 48 60 55 69
Vpp(DC) | Input Sensitivity 50 50 50 50 mV 1
VCMR Commom Mode -1.6 -04 | -1.6 04 | 1.6 -04 | 1.6 -0.4 \ 2
Range

1
2

. Differential input voltage required to obtain a full ECL swing on the outputs.
. VcMRis defined as the range within which the Vi level may vary, with the device still meeting the propagation delay specification. The Vj_level
must be such that the peak to peak voltage is less than 1.0 V and greater than or equal to Vpp(min).

AC CHARACTERISTICS (VEE = VEE (min) to VEE (max); VGG = VCCo = GND)

-40°C 0°C 25°C 85°C
Symbol Characteristic Min | Typ | Max [ Min | Typ [ Max | Min | Typ | Max | Min | Typ | Max | Unit | Cond
tPLH Propagation Delay to ‘ ps
tPHL Output IN (Diff) | 380 680 | 460 560 | 480 580 | 510 610 1
IN (SE) | 280 780 | 410 610 | 430 630 | 460 660 2
Enable | 400 900 | 450 850 | 450 850 | 450 850 3
Disable | 400 900 | 450 850 | 450 850 | 450 850 3
ts Setup Time ENtoIN | 250 0 200 0 200 0 200 0 ps 5
tH Hold Time INtoEN | 50 |-200 0 |-200 0 |-200 0 |-200 ps 6
tR Release Time ENtoIN | 350 | 100 300 | 100 300 | 100 300 | 100 ps 7
tskew Within-Device Skew 25 75 25 50 25 50 25 50 ps 4
Vpp(AC) | Minimum Input Swing 250 250 250 250 mvV 8
tr tf Rise/Fall Time 250 | 450 | 650 [ 275 | 375 | 600 | 275 | 375 | 600 | 275 | 375 | 600 ps

. The differential propagation delay is defined as the delay from the crossing points of the differential input signals to the crossing point of the
differential output signals. See Definitions and Testing of ECLinPS AC Parameters in Chapter 1 (page 1-12).

. The single-ended propagation delay is defined as the delay from the 50% point of the input signal to the 50% point of the output signal. See
Definitions and Testing of ECLinPS AC Parameters in Chapter 1 (page 1-12). o

. Enable is defined as the propagation delay from the 50% point of a negative transition on EN to the 50% point of a positive transition on Q
(or a negative transition on Q). Disable is defined as the propagation delay from the 50% point of a positive transition on EN to the 50% point
of a negative transition on Q (or a positive transition on Q).

. The within-device skew is defined as the worst case difference between any two similar delay paths within a single device.

. The setup time is the minimum time that EN must be asserted prior to the next transition of IN/IN to prevent an output response greater than
+75 mV to that IN/IN transition (see Figure 1). _

. The hold time is the minimum time that EN must remain asserted after a negative going IN or a positive going IN to prevent an output response
greater than £75 mV to that IN/IN transition (see Figure 2). o

. The release time is the minimum time that EN must be deasserted prior to the next IN/IN transition to ensure an output response that meets
the specified IN to Q propagation delay and output transition times (see Figure 3).

. Vpp(min) is defined as the minimum input differential voltage which will cause no increase in the propagation delay. The Vpp(min) is AC limited
for the E111 as a differential input as low as 50 mV will still produce full ECL levels at the output.

MOTOROLA 2-16 ECLinPS and ECLInPS Lite
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MC10E111 MC100E111

50%

EN <75mV

DG
Q
Figure 1. Setup Time

IN
N
th
N 50%
<75mV
— /N
Q T T
<75mV
Figure 2. Hold Time
IN
N
tr
|——|
EN

50%
T
Q

Figure 3. Release Time
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Quad Driver MC10E112

MC100E112

The MC10E/100E112 is a quad driver with two pairs of OR/NOR
outputs from each gate, and a common, buffered enable input. Using the
data inputs the device can serve as an ECL memory address fan-out
driver. Using just the enable input, the device serves as a clock driver,
although the MC10E/100E111 is designed specifically for this purpose,
and offers lower skew than the E112. For memory address driver
applications where scan capabilities are required, please refer to the
E212 device.

QUAD DRIVER

e 600ps Max. Propagation Delay

e Common Enable Input

e Extended 100E VEE Range of — 4.2V to — 5.46V
o 75kQ Input Pulldown Resistors

Pinout: 28-Lead PLCC (Top View)

-

FN SUFFIX
Qp Q3 Q Q3 Vi Qp Qo PLASTIC PACKAGE
i R i e B e i e B CASE 776.02
2% 24 23 2 21 2 19
veeo [ 26 18 ;I Q2
D: 17] | Q
o[z [ 20 LOGIC DIAGRAM
D2 [ 28 16[] vee oo
vee []O 15[ T B Qop
b1 ]2 1[] o %
Qgp
Do []s 13[] arp
_ Qqa
EN q 4 12 ] Qia Dy Q1b
5 6 7 8 9 101 (o7
T 7 o0 0T 0 T J i
NC Vcco Qoa Qob Qoa Qoo Voco Q1b
* All Ve and Voo pins are tied together on the die. Qoa
P2 Qgp
=
PIN NAMES Q_zf
2b
Pin Function
Dp-D3 Data Inputs Qza
EN Enable Input b3 Qzp
Qna; Qnb True Outputs Q32
Qna. Qnb Inverting Outputs [
a >
12/93
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MC10E112 MC100E112

DC CHARACTERISTICS (VEE = VEE(Min) to VEE(Max); Vog = VGO = GND)

0°C 25°C 85°C
Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
IIH Input HIGH Current HA
D 200 200 200
EN 200 200 200
IEE Power Supply Current mA
10E 47 56 47 56 47 56
100E 47 56 47 56 54 65
AC CHARACTERISTICS (VEE = VEE(mIn) to VEE(max); Vcc = Veco = GND)
0°C 25°C 85°C
Symbol Characteristic min  typ max | min typ max | min ) typ max | Unit | Condition
ipLH Propagation Delay to Output ps
tPHL D 200 400 600 | 200 400 600 | 200 400 600
EN 275 450 675 | 275 450 675 | 275 450 675
tSKEW Within-Device Skew ps
Dnto Qn, Qn 80 80 80 1
Qnato Qnb 40 40 40 2
tr Rise/Fall Times ps
t 20 - 80% 275 425 700 | 275 425 700 | 275 425 700
1. Within-device skew is defined as identical transitions on similar paths through a device.

2. Skew defined between common OR or common NOR outputs of a single gate.

ECLInPS and ECLInPS Lite
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Quint Differential Line MC10E116
Receiver MC100E116

The MC10E/100E116 is a quint differential line receiver with
emitter-follower outputs. An internally generated reference supply (VBB)
is available for single-ended reception.

e 500ps Max. Propagation Delay QUINT DIFFERENTIAL

* V& Supply Outout LINE RECEIVER
o Dedicated Voo Pin for Each Receiver

e Extended 100E VEE Range of — 4.2V to - 5.46V
o 75kQ Input Pulldown Resistors

Active current sources plus a deep collector feature of the MOSAIC IlI
process provide the receivers with excellent common-mode noise

rejection. Each receiver has a dedicated Voo supply lead, providing
optimum symmetry and stability.
The receiver design features clamp circuitry to cause a defined state if imnh‘

both the inverting and non-inverting inputs are left open; in this case the Q -
output goes LOW, while the Q output goes HIGH. This feature makes the

device ideal for twisted pair applications. FN SUFFIX
If both inverting and non-inverting inputs are at an equal potential of PLACS;é% ;/;\gégGE

>-2.5V, the receiver does not go to a defined state, but rather
current-shares in normal differential amplifier fashion, producing output
voltage levels midway between HIGH and LOW, or the device may even
oscillate.

The device VBB output is intended for use as a reference voltage for single-ended reception of ECL signals to that device only.
When using for this purpose, itis recommended that Vg is decoupled to Vg via a 0.01pF capacitor. Please refer to the interface
section of the design guide for information on using the E116 in specialized applications.

The E116 features input pull-down resistors, as does the rest of the ECLInPS family. For applications which require
bandwidths greater than that of the E116, the E416 device may be of interest.

Pinout: 28-Lead PLCC (Top View)

D3 Dz Dg Voco Q4 04 Veco
i s Y e T e e Y e I

25 24 23 22 21 20 19
D3l |26 18[]0s
PIN NAMES D[] 27 17 jos
Pin Function .
. —— - - o[ |28 16[]vge
0. Do — D4, D4 | Differential Input Pairs
Qq. Qg — Q4, Q4 | Differential Output Pairs v s
VBB Reference Voltage Output. EE [ @ ] %
VBBD 2 14[]ap
o[ ]s 13[]Veco
Do[]4 12l]q
5 6 7 8 9 10 1
T g J
Dy Dy Veco @ Qo Veco Q1
* All Vcg and Voo pins are tied together on the die.
a5 @ MOTOROLA
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MC10E116 MC100E116

LOGIC DIAGRAM

Dy — Qo
by Qo
Dy — Q4
D1 Qr
Dy — Qp
D2 Q@
D3 — Q3
D3 Q3
Dg — Q4
D4 G Q
vgg T

DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)

-40°C 0°C 25°C 85°C
Symbol Characteristic Min Typ Max | Min Typ Max | Min Typ Max | Min Typ Max | Unit | Cond
VBB Qutput Reference \
Voltage 10E | -1.43 -1.30 | -1.38 -1.27 | -1.35 -1.25 | -1.31 -1.19
100E | -1.38 -1.26 | -1.38 -1.26 | -1.38 -1.26 | -1.38 -1.26
liH Input HIGH 200 200 200 200 | pA
Current
IEE -| Power Supply mA
Current 10E 29 35 29 35 29 35 29 35
100E 29 35 29 35 29 35 29 40
Vpp(DC) | Input Sensitivity 150 150 150 150 mV 1
VCMR Commom Mode —2.0 -0.6 | 2.0 -0.6 | 2.0 -0.6 | 2.0 -0.6 \ 2
Range

1. Differential input voltage required to obtain a full ECL swing on the outputs.
2. VoMR isdefined as the range within which the V| level may vary, with the device still meeting the propagation delay specification. The V||_level
must be such that the peak to peak voltage is less than 1.0 V and greater than or equal to Vpp(min).

AC CHARACTERISTICS (VEE = VEE (min) to VEE (max); Vcc = Vcco = GND)

-40°C 0°C to 85°C

Symbol Characteristic Min Typ Max Min Typ Max Unit | Condition
tPLH Propagation Delay to Output ps
tPHL D (Differential) | 150 300 500 200 300 450

D (Single-Ended) | 150 300 550 150 300 500
tskew Within-Device Skew 50 50 ps 1
tskew Duty Cycle Skew tPLH - tPHL +10 +10 ps 2
Vpp(AC) | Minimum Input Swing 150 150 mV 3
tr/tg Rise/Fall Time 250 375 625 275 375 575 ps 20-80%

"y

. Within-device skew is defined as identical transitions on similar paths through a device.

2. Duty cycle skew is defined only for differential operation when the delays are measured from the cross point of the inputs to the cross point
of the outputs.

3. Minimum input swing for which AC parameters are guaranteed.

ECLInPS and ECLInPS Lite 2-21 MOTOROLA
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

9-Bit Buffer MC10E122
The MC10E/100E122 is a 9-bit buffer. The device contains nine MC1 00E1 22

non-inverting buffer gates.

e 500ps Max. Propagation Delay .
e Extended 100E VEE Range of — 4.2V to — 5.46 V
e 75kQ Input Pulldown Resistors

9-BIT BUFFER

Pinout: 28-Lead PLCC (Top View)
Dg NC NC Vgco NC Qg Veco

(25 2 - 2 2 2 1
o7[]2s 18] 07
g ]27 17]]6
Ds[]28 16 :l Vee

FN SUFFIX
vee []® 15[ g PLASTIC PACKAGE
CASE 776-02
D4[]2 14 j Q4
03[‘ 3 18] veeo
D2 [+ 12[] 03
5 6 7 8 9 10 1
Ny gy oy B | LOGIC DIAGRAM

Dt Dp Veco Q@ Qi Veco @

* All Vo and Voo pins are tied together on the die. Do ——D— Q
PIN NAMES 03 > o
Pin Function
D D4 >
0 - Dg Data Inputs
Qp-Qg Data Outputs D5 >_ 05
Dg _D_ Qs
D7 —‘——l >_— Q7
1 )
25 @ MOTOROLA
© Motorola, Inc. 1996 2-22 REV 2



MC10E122 MC100E122

DC CHARACTERISTICS (VEE = VEE(mIn) to VEE(max); Vcc = Vcco = GND)

0°C 25°C 85°C
Symbol Characteristic min typ max | min typ max [ min typ max | Unit | Condition
IH Input HIGH Current 200 200 200 { pA
IEE Power Supply Current mA
10E 41 49 41 49 41 49
100E 41 49 41 49 47 57

AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Ve = Vcco = GND)

0°C 25°C 85°C

Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
tPLH Propagation Delay to Output ps

tPHL DtoQ 150 350 500 | 150 350 500 | 150 350 500

tSKEW Within-Device Skew ps

DtoQ 75 75 75 1

tr Rise/Fall Times ps

t 20 - 80% 300 425 800 | 300 425 800 | 300 425 800

1. Within-device skew is defined as identical transitions on similar paths through a device.
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

4-Bit D Flip-Flop . MC10E131

The MC10E/100E131 is a quad master-siave D-type flip-flop with MC1 00E1 31
differential outputs. Each flip-flop may be clocked separately by holding
Common Clock (Cc) LOW and using the Clock Enable _(__CE) inputs for
clocking. Common clocking is achieved by holding the CE inputs LOW
and using C to clock all four flip-flops. In this case, the CE inputs perform

the function of controlling the common clock, to each flip-flop. 4-BIT
Individual asynchronous resets are provided (R). Asynchronous set
controls (S) are ganged together in pairs, with the pairing chosen to D FLIP-FLOP

reflect physical chip symmetry.
Data enters the master when bo_th Cc and CE are LOW, and transfers
to the slave when either Cc or CE (or both) go HIGH.

e 1100MHz Min. Toggle Frequency

Differential Outputs ’
Individual and Common Clocks % M

Individual Resets (asynchronous) =
Paired Sets (asynchronous)

FN SUFFIX
e Extended 100E VEE Range of — 4.2V to — 5.46V PLASTIC PACKAGE
o 75kQ Input Pulldown Resistors CASE 776-02
Pinout: 28-Lead PLCC (Top View)
fe D2 e P Voo G5 G LOGIC DIAGRAM
25 24 23 22 21 20 19 ]
i ~ S
cEales 18] D D~ Q Q3
D3E¢27 17 ] Q2 CE3 ——®> ab 0
R
S12|j 28 16[] vee Rs y
_ |
vee [JO 5[] ay s
Do D Q Q
cell2 14[] oy - —
E - 2 L—}_/> A Qp—— 62
So3L{3 13 :l Qg .
Ra
o[ |4 1zj Q So3
L 0 &
5 6 7 8 9 10 1 Cc
T J 7 7 7 J J R 1
CEp Ry Dy CEy Ry NC Voo 1 Y
- S ) ab—— T
* All Ve and Voo pins are tied together on the die. 1 y
PIN NAMES b1 b 4 Q Qi
Pin Function =
Do-D3 Data Inputs Ro ]
CEg-CE3 Clock Enables (Individual) E 5 >> R qb—— o
Ro—-R3 Resets 0
Cc Common Clock
Dy D
So3, S12 Sets (paired) 0 S Q R
Qp-Q3 True Outputs |
Qp-Q3 Inverting Outputs
i @ MOTOROLA
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DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)

MC10E131 MC100E131

-40°C 0°C 25°C 85°C
Symbol Characteristic Min Typ Max | Min Typ Max | Min Typ Max | Min Typ Max | Unit | Cond
IiH Input HIGH pA
Current Cc 350 350 350 350
S 450 450 450 450
R,CE 300 300 300 300
D 150 150 150 150
\\EE Power Supply mA
Current 10E 58 70 58 70 58 70 58 70
100E 58 70 58 70 58 70 67 81
AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)
—-40°C 0°C to 85°C
Symbol Characteristic Min Typ Max Min Typ Max Unit | Condition
fMAX Maximum Toggle Frequency 1000 1400 1100 1400 MHz
tPLH Propagation Delay to Output CE 310 600 750 360 500 700 ps
tPHL Cc| 275 600 725 325 500 675
R 300 625 775 350 550 725
S| 300 550 775 350 550 725
ts Setup Time D 200 20 150 20 ps 1
tH Hold Time D| 225 -20 175 -20 ps 1
tRR Reset Recovery Time 450 150 400 150 ps
tpw Minimum Pulse Width CLK | 400 400 ps
R,S| 400 400
tskew | Within-Device Skew 60 60 ps 2
t/ts Rise/Fall Time 275 460 725 300 480 675 ps 20-80%
1. Setup/hold times guaranteed for both Cg and CE.
2. Within-device skew is defined as identical transitions on similar paths through a device.
ECLIinPS and ECLInPS Lite 2-25 MOTOROLA
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

6-Bit Universal Up/Down Counter

The MC10E/100E136 is a 6-bit synchronous, presettable, cascadable
universal counter. The device generates a look-ahead-carry output and
accepts a look-ahead-carry input. These two features allow for the
cacading of multiple E136's for wider bit width counters that operate at
very nearly the same frequency as the stand alone counter.

® 550 MHz Count Frequency

* Fully Synchronous Up and Down Counting

o [nternal 75 kQ Input Pulldown Resistors

e Look-Ahead-Carry Input and Output

e Asynchronous Master Reset

e Extended 100E VEg Range of —4.2 V to -5.46 V

The CLOUT output will pulse LOW for one clock cycle one count
before the E136 reaches terminal count. The COUT output will pulse
LOW for one clock cycle when the counter reaches terminal count. For
more information on utilizing the look-ahead-carry features of the device
please refer to the applications section of this data sheet. The differential
COUT output facilitates the E136’s use in programmable divider and
self-stopping counter applications.

Unlike the H136 and other similar universal counter designs the E136
carry out and look-ahead-carry out signals are registered on chip. This

MC10E136
MC100E136

6-BIT UNIVERSAL
UP/DOWN COUNTER

L

FN SUFFIX
PLASTIC PACKAGE
CASE 776-02

design alleviates the glitch problem seen on many counters where the carry out signals are merely gated. Because of this
architecture there are some minor functional differences between the E136 and H136 counters. The user, regardless of
familiarity with the H136, should read this data sheet carefully. Note specifically (see logic diagram) the operation of the carry out
outputs and the look-ahead-carry in input when utilizing the master reset.

When left open all of the input pins will be pulled LOW via an input pulldown resistor. The master reset is an asynchronous

signal which when asserted will force the Q outputs LOW.

The Q outputs need not be terminated for the E136 to function properly, in fact if these outputs will not be used in a system it is
recommended to save power and minimize noise that they be left open. This practice will minimize switching noise which can
reduce the maximum count frequency of the device or significantly reduce margins against other noise in the system.

PIN NAMES D3 D4 D5 Veco @5 Q4 Vooo
/4 M 1 /3 M /1 ™1
Pin Function 5 24 23 2 20 20 19
Dg-Ds Preset Data Inputs D2 [ 26 18] ] Q3
Qo-Qs Data Inputs
1,82 Mode Control Pins s2[] 27 17[] a2
MR Master Reset
CLK Clock Input S1E1 28 _ 16 ] vee
COUT, COUT | Carry-Out Output (Active LOW) Pinout: 28-lead PLCC
CLouT Look-Ahead-Carry Out (Active LOW) Vi (Top View) 517V
CIN Carry-In Input (Active LOW) EEE 0 ] cco
LIN Look-Ahead-Carry In Input (Active LOW
oy Innput ) ck[] 2 14 [] cour
FUNCTION TABLE (Expanded truth table on page 2-29) TN |: 3 13 ;I couT
S1 S2 CIN MR CLK Function o
L L X L Z | PresetParallelData oo [ 4 2 | ] orout
LoHoA Lz |Hoacomt SN N R
H L L L z Decrement (Count Down) VR DI Y ® o v
H L H L Z | HoldCount 0 Veco cco
H H X L Z Hold Count * All Ve and Voo pins are tied together on the die.
X X X H X | Reset(@n=LOW)
5/95
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MC10E136 MC100E136

DC CHARACTERISTICS (VEE = VEE(mIn) to VEE(Max); Vo = Voo = GND)
0°C 25°C 85°C
Characteristic Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit | Condition
Input HIGH Current H — — 150 — — 150 — — 150 | pA
Power Supply Current IEE mA
10E — 125 | 150 — 125 | 150 — 125 | 150
100E — 125 150 — 125 150 — 140 170
AC CHARACTERISTICS (VEE = VEE(min) to VEE(Max); Vce = Voco = GND)
0°C 25°C 85°C
Characteristic Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit | Condition
Maximum Count Frequency fcounT | 550 | 650 -— 550 | 650 — 550 | 650 — MHz
Propagation Delay to Output tPLH ps
CLKto Q tPHL 850 | 1150 | 1450 | 850 | 1150 | 1450 | 850 | 1150 | 1450
MRto Q 850 | 1150 | 1450 | 850 [ 1150 | 1450 ( 850 [ 1150 | 1450
CLK to COUT 800 | 1150 | 1300 | 800 | 1150 | 1300 | 800 | 1150 [ 1300
CLK to CLOUT 825 | 1150 | 1400 | 825 | 1150 | 1400 | 825 | 1150 | 1400
Setup Time ts ps
S1, 82 1000 | 650 — 1000 | 650 — 1000 | 650 —
D 800 400 —_ 800 400 — 800 400 —_
CLIN 150 0 — 150 0 — 150 0 —
CIN 800 | 400 — 800 | 400 — 800 | 400 —_
Hold Time th ps
s1,82 150 | 200 | — | 150 |-200 | — | 150 | -200 | —
D 150 | =250 | — 150 | =250 | — 150 | -250 | —
CLIN 300 | 0 — |30} o — Js00 | o —
CIN 150 | -250 — 150 | -250 - 150 | -250 —
Reset Recovery Time tRR 1000 | 700 — ] 1000 | 700 — | 1000 | 700 — ps
Minimum Pulse Width tpw ps
CLK, MR 700 | 400 — 700 | 400 — 700 | 400 —_
Rise/Fall Times t ps
COouT tf 275 —_— 600 275 — 600 275 — 600 20% - 80%
Other 300 — 700 300 — 700 300 — 700
MOTOROLA 2-28 ECLInPS and ECLInPS Lite
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MC10E136 MC100E136 .

APPLICATIONS INFORMATION

Overview

The MC10E/100E136 is a 6-bit synchronous, presettable,
cascadable universal counter. Using the S1 and S2 control
pins the user can select between preset, count up, count
down and hold count. The master reset pin will reset the
internal counter, and set the COUT, CLOUT, and CLIN
flip-flops. Unlike previous 136 type counters the carry out
outputs will go to a high state during the preset operation. In
addition since the carry out outputs are registered they will
not go low if terminal count is loaded into the register. The
look-ahead-carry out output functions similarly.

Note from the schematic the use of the master information
from the least significant bits for control of the two carry out
functions. This architecture not only reduces the carry out
delay, but is essential to incorporate the registered carry out
functions. In addition to being faster, because these functions
are registered the resulting carry out signals are stable and
glitch free.

Cascading Multiple E136 Devices

Many applications require counters significantly larger
than the 6 bits available with the E136. For these applications
several E136 devices can be cascaded to increase the bit
width of the counter to meet the needs of the application.

In the past cascading several 136 type universal counters
necessarily impacted the maximum count frequency of the
resulting counter chain. This performance impact was the

result of the terminal count signal of the lower order counters
having to ripple through the entire counter chain. As a result
past counters of this type were not widely used in large bit
counter applications.

An alternative counter architecture similar to the E016
binary counter was implemented to alleviate the need to
ripple propagate the terminal count signal. Unfortunately
these types of counters require external gating for cascading
designs of more than two devices. In addition to requiring
additional components, these external gates limit the
cascaded count frequency to a value less than the free
running count frequency of a single counter. Although there is
a performance impact with this type of architecture it is minor
compared to the impact of the ripple propagate designs. As a
result the E016 type counters have been used extensively in
applications requiring very high speed, wide bit width
synchronous counters.

Motorola has incorporated several improvements to past
universal counter designs in the E136 universal counter.
These enhancements make the E136 the unparalleled leader
in its class. With the addition of look-ahead-carry features on
the terminal count signal, very large counter chains can be
designed which function at very nearly the same clock
frequency as a single free running device. More importantly
these counter chains require no external gating. Figure 1
below illustrates the interconnect scheme for using the
look-ahead-carry features of the E136 counter.

Q0->Q5 Q0->0Q5 Q0->Q5 Q0->Q5
(RN (AN NN AN
CLOCK O- CLK > CLK D ok CLK
LSB MSB
©0" — TN CouT| ‘Lo — TN cout TN cout oiN cout
“Lo" — CON cLout CLIN cLout CUN cLout CUN cLout
LR T [ 1T
D0—>D5 D0->D5 D0->D5 D0->D5
111101 1110 11111 000000 000001
CLK
CLouT N ,
couT N —~
Figure 1. 24-bit Cascaded E136 Counter
MOTOROLA 2-30 ECLInPS and ECLInPS Lite

DL140 — Rev 4



N ACTIVE
LOW
CLIN D Q
CLK >

Figure 2. Look-Ahead-Carry Input Structure

Note from the waveforms that the look-ahead-carry output
(CLOUT) pulses low one clock pulse before the counter
reaches terminal count. Also note that both CLOUT and the
carry out pin (COUT) of the device pulse low for only one
clock period. The input structure for look-ahead-carry in
(CLIN) and carry in (CIN) is pictured in Figure 2.

The CLIN input is registered and then ORed with the CIN
input. From the truth table one can see that both the CIN and
the CLIN inputs must be in a LOW state for the E136 to be
enabled to count (either count up or count down). The CLIN
inputs are driven by the CLOUT output of the lowest order
E136 and therefore are only asserted for a single clock
period. Since the CLIN input is registered it must be asserted
one clock period prior to the CIN input.

If the counter previous to a given counter is at terminal
count its COUT output and thus the CIN input of the given
counter will be in the “LOW” state. This signals the given
counter that it will need to count one upon the next terminal
count of the least significant counter (LSC). The CLOUT
output of the LSC will pulse low one clock period before it
reaches terminal count. This CLOUT signal will be clocked
into the CLIN input of the higher order counters on the
following positive clock transition. Since both CIN and CLIN
are in the LOW state the next clock pulse will cause the least
significant counter to roll over and all higher order counters, if
signaled by their CIN inputs, to count by one.

MC10E136 MC100E136

During the clock pulse in which the higher order counter is
counting by one the CLIN is clocking in the high signal
presented by the CLOUT of the LSC. The CIN’s in the higher
order counter will ripple propagate through the chain to
update the count status for the next occurrence of terminal
count on the LSC. This ripple propagation will not affect the
count frequency as it has 26-1 or 63 clock pulses to ripple
through without affecting the count operation of the chain.

The only limiting factor which could reduce the count
frequency of the chain as compared to a free running single
device will be the setup time of the CLIN input. This limit will
consist of the CLK to CLOUT delay of the E136 plus the CLIN
setup time plus any path length differences between the
CLOUT output and the clock.

Programmable Divider

Using external feedback of the COUT pin, the E136 can be
configured as a programmable divider. Figure 3 illustrates the
configuration for a 6-bit count down programmable divider. If
for some reason a count up divider is preferred the COUT
signal is simply fed back to S2 rather than S1. Examination of
the truth table for the E136 shows that when both S1 and S2
are LOW the counter will parallel load on the next positive
transition of the clock. If the S2 input is low and the S1 inputis
high the counter will be in the count down mode and will
count towards an all zero state upon successive clock
pulses. Knowing this and the operation of the COUT output it
becomes a trivial matter to build programmable dividers.

For a programmable divider one wants to load a
predesignated number into the counter and count to terminal
count. Upon terminal count the counter should automatically
reload the divide number. With the architecture shown in
Figure 3 when the counter reaches terminal count the COUT
output and thus the S1 input will go LOW, this combined with
the low on S2 will cause the counter to load the inputs
present on DO-D5. Upon loading the divide value into the
counter COUT will go HIGH as the counter is no longer at
terminal count thereby placing the counter back into the
count mode.

Q0->Q5
RN Table 1. Preset Inputs Versus Divide Ratio
S0— ‘10 Divide Preset Data Inputs
CLOCKO——-—>CLK st Ratio D5 D4 D3 D2 DI DO
2 L L L L L H
3 L L L L H L
4 L L L L H H
CoutT 5 L L L H L L
. L] L] L] L] . L]
‘_o . . L] - L] L] °
cour 36 H L L L H H
37 H L L H L L
38 H L L H L H
Tl . . . . . . .
D0->D5 . . . . . . -
. . . 62 H H H H L H
Figure 3. 6-bit Programmable Divider 63 H H H H H L
64 H H H H H H
ECLinPS and ECLInPS Lite 2-31 MOTOROLA

DL140 —Rev 4




MC10E136 MC100E136

CcLOCK VAN

St

cout

S

S

LOAD
100100

100011

100010

000011

000010

000001

000000

N

DIVIDE BY 37

LOAD

1

Figure 4. Programmable Divider Waveforms

The exercise of building a programmable divider then
becomes simply determining what value to load into the
counter to accomplish the desired division. Since the load
operation requires a clock pulse, to divide by N, N-1 must be
loaded into the counter. A single E136 device is capable of
divide ratios of 2 to 64 inclusive, Table 1 outlines the load
values for the various divide ratios. Figure 4 presents the
waveforms resulting from a divide by 37 operation. Note that
the availability of the COUT complimentary output COUT
allows the user to choose the polarity of the divide by output.

For single device programmable counters the E016
counter is probably a better choice than the E136. The E016
has an internal feedback to control the reloading of the
counter, this not only simplifies board design but also will
result in a faster maximum count frequency.

For programmable dividers of larger than 8 bits the

superiority of the E016 diminishes, and in fact for very wide
dividers the E136 will provide the capability of a faster count
frequency. This potential is a result of the cascading features
mentioned previously in this document. Figure 5 shows the
architecture of a 24-bit programmable divider implemented
using E136 counters. Note the need for one external gate to
control the loading of the entire counter chain. An ideal
device for the external gating of this architecture would be the
4-input OR function in the 8-lead SOIC ECLInPS Lite™ family.
However the final decision as to what device to use for the
external gating requires a balancing of performance needs,
cost and available board space. Note that because of the
need for external gating the maximum count frequency of a
given sized programmable divider will be less than that of a
single cascaded counter.

Q0->Q5 Q0->Q5 Q0->Q5 Q0->Q5
LIl Liittd AN RN
CLOCK D o . D o s - D o = > CLK iy
LsB MSB 1
‘10" — TN COUT [ ‘L0"— CIN couT CIN cout CIN COUT 1
‘Lo — CTLN CLoutT CLIN CLout CLIN cLout CLIN cLout
TTTTTT TTTTTI TTTTTI FTTTTI
D0->D5 D0—>D5 D0->D5 D0->D5
\
Figure 5. 24-bit Programmable Divider Architecture
MOTOROLA 2-32 ECLInPS and ECLInPS Lite
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8-Bit Ripple Counter

The MC10E/100E137 is a very high speed binary ripple counter. The
two least significant bits were designed with very fast edge rates while the
more significant bits maintain standard ECLinPS™ output edge rates.

This allows the counter to operate at very high frequencies while

maintaining a moderate power dissipation level.

e 1.8GHz Minimum Count Frequency

o Differential Clock Input and Data Output Pins
o Vppg Output for Single-Ended Use

e Internal 75kQ Input Pulldown Resistors

e Synchronous and Asynchronous Enable Pins

e Asynchronous Master Reset

o Extended 100E VEE Range of —4.2V to -5.46V

The device is ideally suited for multiple frequency clock generation as
well as a counter in a high performance ATE time measurement board.

Both asynchronous and synchronous enables are available to
maximize the device’s flexibility for various applications. The
asynchronous enable input, A_Start, when asserted enables the counter
while overriding any synchronous enable signals. The E137 features
XORed enable inputs, EN1 and EN2, which are synchronous to the CLK
input. When only one synchronous enable is asserted the counter
becomes disabled on the next CLK transition; all outputs remain in the
previous state poised for the other synchronous enable or A_Start to be

asserted to re-enable the counter. Asserting both synchronous enables
causes the counter to become enabled on the next transition of the CLK.

If EN1 (or EN2) and CLK edges are coincident, sufficient delay has been
inserted in the CLK path (to compensate for the XOR gate delay and the

internal D-flip flop setup time) to insure that the synchronous enable
signal is clocked correctly, hence, the counter is disabled.

The E137 can also be driven single-endedly utilizing the Vg output
supply as the voltage reference for the CLK input signal. If a single-ended
signal is to be used the VB pin should be connected to the CLK input and
bypassed to ground via a 0.01uF capacitor. Vg can only source/sink
0.5mA, therefore it should be used as a switching reference for the E137

8-BIT RIPPLE
COUNTER
v
-
FN SUFFIX
PLASTIC PACKAGE
CASE 776-02
PIN NAMES
PIN FUNCTION
CLK, CLK Differential Clock Inputs
Q0-Q7, Q0-Q7 | Differential Q Outputs
A_Start Asynchronous Enable Input
EN1, EN2 Synchronous Enable Inputs
MR Asynchronous Master Reset
Ve Switching Refernce Output

only.

All input pins left open will be pulled LOW via an input puIIdO\}vn resistor. Therefore, do not leave the differential CLK inputs
open. Doing so causes the current source transistor of the input clock gate to become saturated, thus upsetting the internal bias

regulators and jeopardizing the stability of the device.

The asynchronous Master Reset resets the counter to an all zero state upon assertion.

LOGIC DIAGRAM
A_Start ——————
ENt :)D—D R Q T ot o . a7 @
EN2
Q
oK~
—CLK
K Q ok al—L ——fox 0
CLK K ap- CK @ CK @
K b) D 0
oy +— = [ [
" | I I
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MC10E137 MC100E137

Pinout: 28-Lead PLCC (Top View)

Q7 Q7 @ @ Voo @5 Q5
[ M M 3 [ [

s %5 24 2 2 21 20 19 ofa
ENT E 27 17[] o4
ena[] 28 16 [] Voo
vee[|® 5] @
ok [] 2 14[] o
GiK[] s 13[] e
ves [ 4 2|] @

5 6 7 01

8 9
MR Vcco Q0 Q0 Q1 Q1 Vgeco

* All Vge and Voo pins are tied together on the die.

SEQUENTIAL TRUTH TABLE
Function EN1 EN2 A_Start MR CLK Q7 Q6 Q5 Q4 Q3 Q2 Q1 Qo
Reset X X X H X L L L L L L L L
Count L L L L z L L L L L L L H
L L L L 4 L L L L L L H L
L L L L 4 L L L L L L H H
Stop H L L L 4 L L L L L L H H
H L L L 4 L L L L L L H H
Asynch Start H L H L z L L L L L H L L
H L H L 4 L L L L L H L H
L L H L z L L L L L H H L
Count L L L L z L L L L L H H H
L L L L 4 L L L L H L L L
L L L L z L L L L H L L H
Stop L H L L Z L ‘L L L H L L H
L H L L z L L L L H L L H
Synch Start H H L L z L L L L H L H L
H H L L z L L L L H L H H
H H L L z L L L L H H L L
Stop H L L L z L L L L H H L L
H L L L z L L L L H H L L
Count L L L L 4 L L L L H H L H
L L L L z L L L L H H H L
L L L L z L L L L H H H H
Reset X X X H X L L L L L L L L
Z = Low to High Transition

MOTOROLA 2-34 ECLInPS and ECLInPS Lite
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DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)

MC10E137 MC100E137

0°C 25°C 85°C

Symbol Characteristic Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit | Condition
VBB Output Reference Voltage \

10E -1.38 -1.27 | -1.35 -1.25 | -1.31 -1.19

100E -1.38 -1.27 | -1.38 -1.26 |-1.38 -1.26
IIH Input HIGH Current 150 150 150 pA
IEE Power Supply Current mA

10E 121 145 121 145 121 145

100E 121 145 121 145 139 167

AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)
0°C 25°C 85°C

Symbol Characteristic Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit | Condition
fcOUNT | Maximum Count Frequency 1800 | 2200 1800 | 2200 1800 | 2200 MHz
tPLH Propagation Delay to Output ps
tPHL CLK to Q0 1300 | 1700 | 2150 | 1300 | 1700 | 2150 | 1350 | 1750 | 2200

CLKto Q1 1600 | 2025 | 2500 | 1600 | 2050 | 2500 | 1650 | 2100 | 2550

CLKto Q2 1950 | 2425 | 2925 | 1950 | 2450 | 2925 | 2025 | 2500 | 3000

CLKto Q3 2275 | 2750 | 3350 | 2275 | 2775 | 3350 | 2350 | 2850 | 3425

CLKto Q4 2625 | 3125 | 3750 | 2625 | 3150 | 3750 [ 2700 | 3225 | 3825

CLKto Q5 2950 [ 3450 | 4150 | 2950 | 3475 | 4150 | 3050 | 3550 | 4250

CLK to Q6 3250 | 3775 | 4450 | 3250 | 3800 | 4450 | 3375 | 3925 | 4600

CLKto Q7 3575 | 4075 | 4800 | 3575 | 4125 | 4800 | 3700 | 4250 | 4950

A_Start to Q0 950 | 1325 | 1700 | 950 | 1325 | 1700 | 950 | 1325 | 1700

MR to Q0 700 | 1000 | 1300 | 700 ( 1000 | 1300 | 700 | 1000 | 1300
ts Setup Time (EN1, EN2) 0 -150 0 -150 0 -150 ps
th Hold Time (EN1, EN2) 300 | 150 300 | 150 300 | 150 ps
RR Reset Recovery Time ps

MR, A_Start 400 | 200 400 | 200 400 | 200
tpw Minimum Pulse Width ps

CLK, MR, A_Start 400 400 400
Vpp Minimum Input Swing (CLK) 0.25 1.0 | 0.25 1.0 | 0.25 1.0 V | Note 1
VCMR Com Mode Range (CLK) -0.4 -2.0 | -0.4 -2.0 | 0.4 -2.0
ty Rise/Fall Times ps | 20%-80%
1 Qo,Q1 150 400 | 150 400 | 150 400

Q2to Q7 275 600 | 275 600 275 600

1. Minimum input swing for which AC parameters are guaranteed. Full DC ECL output swings will be generated with only 50mV input swings.

ECLinPS and ECLInPS Lite
DL140 — Rev 4
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8-Bit Shift Register MC10E141

The MC10E/100E141 is an 8-bit full-function shift register. The E141 MC1 OOE 1 41
performs serial/parallel in and serial/parallel out, shifting in either
direction. The eight inputs Dg — D7 accept parallel input data, while
DL/DR accept serial input data for left/right shifting. The Qn outputs do
not need to be terminated for the shift operation to function. To minimize
noise and power, any Q output not used should be left unterminated.

e 700MHz Min. Shift Frequency 8-BIT SHIFT
e&BL REGISTER
e Full-Function, Bi-Directional
¢ Asynchronous Master Reset

Pin-Compatible with E241
Extended 100E VEE Range of — 4.2V to - 5.46V
75kQ Input Pulldown Resistors

The select pins, SELO and SEL1, select one of four modes of
operation: Load, Hold, Shift Left, Shift Right, according to the Function
Table.

Input data is accepted a set-up time before the positive clock edge. A
HIGH on the Master Reset (MR) pin asynchronously resets all the

registers to zero. PLA;:\'JI(? gf\g})((AGE
Pinout: 28-Lead PLCC (Top View) CASE 776-02
SEL0 DL D; D D5 Vego 7
| N o Y s s TS s O o N |
25 24 23 22 21 20 19
SELY d 2% 18[] Qg
FUNCTION TABLE
K [Jer 7] 05 UNCTio
SELO | SEL1 Function
MR [ 28 16{] Voe L L | Load
: L H | shift Right (Dp, to Dpyq)
vee []0 15[ NC H L | shift Left (Dnto Dp—1)
. H H Hold
oR ]2 14 veco
PIN NAMES
Do []3 13[] Q4
Pin Function
D1 []4 12|] Qg Dg-D7 Parallel Data Inputs
DL, DR Serial Data Inputs
5 6 7 8 9 10 11 SELO, SEL1 | Mode Select In Inputs
T T RS %
2 3 4 YCCO 4 1 2 Qo -Q7 Data Outputs
* Al Voe and Voo pins are tied together on the die. MR Master Reset
EXPANDED FUNCTION TABLE
Function DL DR - SELO SEL1 MR CLK Qo Q1 Q2 Q3 Q4 Q5 Q6 Q7
Load X X L L L z DO D1 D2 D3 D4 D5 D6 D7
Shift Right X L L H L 4 L Qo Qt Q2 Q3 Q4 Q5 Q6
X H L H L z L Qo Qt Q2 Q3 Q4 Q5
Shift Left L X H L L z L Qo Q1 Q2 Q3 Q4 Q5 L
H X H L L z Qo Qi Q2 Q3 Q4 Q5 L H
Hold X X H H L z Qo Qi Q2 Q3 Q4 Q5 L H
X X H H L 4 Qo Ql Q2 [ek] Q4 Q5 L H
Reset X X X X H X L L L L L L L L

7/96
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MC10E141 MC100E141

LOGIC DIAGRAM

[ amsi-e] rﬁL

D D Q
DR
R
Do Q7
SELt
SELO
CLK
MR
DC CHARACTERISTICS (VEg = VEE(min) to VEE(max); Vcc = Vocco = GND)
0°C 25°C 85°C
Symbol Characteristic min  typ max | min typ max | min typ max | Unit | Condition
IIH Input HIGH Current 150 150 150 | pA
IEE Power Supply Current mA
10E 131 181 131 181 131 181
100E 131 181 131 181 151 181
AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)
0°C 25°C 85°C
Symbol Characteristic min  typ max | min typ max | min typ  max ( Unit | Condition
fSHIFT Max. Shift Frequency 700 900 700 900 700 900 MH
z
tPLH Propagation Delay To Output ps
tPHL Clk 625 750 975 625 750 975 625 750 975
MR 600 725 975 600 725 975 600 725 975
tg Setup Time ps
D 175 25 175 25 175 25
SELO 350 200 350 200 350 200
SEL1 300 150 300 150 300 150
th Hold Time ps
D 200 -25 200 -25 200 -25
SELO 100 -200 100 -200 100 ~200
SEL1 100 -150 100 150 100 -150
tRR Reset Recovery Time 900 700 900 700 900 700 ps
tpw Minimum Pulse Width ps
Clk, MR 400 400 400
tSKEW Within-Device Skew 60 60 60 ps 1
tr Rise/Fall Times ps
t 20 - 80% 300 525 800 300 525 800 300 525 800
1. Within-device skew is defined as identical transitions on similar paths through a device.
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9-Bit Shift Register

The MC10E/100E142 is a 9-bit shift register, designed with byte-parity
applications in mind. The E142 performs serial/parallel in and
serial/parallel out, shifting in one direction. The nine inputs DO — D8
accept parallel input data, while S-IN accepts serial input data. The Qn
outputs do not need to be terminated for the shift operation to function. To
minimize noise and power, any Q output not used should be left
unterminated.
700MHz Min. Shift Frequency
9-Bit for Byte-Parity Applications
Asynchronous Master Reset
Dual Clocks
Extended 100E VEE Range of — 4.2V to — 5.46V
75kQ Input Pulldown Resistors
The SEL (Select) input pin is used to switch between the two modes of
operation — SHIFT and LOAD. The shift direction is from bit O to bit 8.
Input data is accepted by the registers a set-up time before the positive
going edge of CLK1 or CLK2; shifting is also accomplished on the positive
clock edge. A HIGH on the Master Reset pin (MR) asynchronously resets
all the resisters to zero.

SEL Dg D7 Dg Ds Voco Qg

25 24 23 2 21 20 19

MR[] 26 18[]oy
cikt[]er : - 17[]og
cLk2[|28 16 [Jvee
VEE I: 0 Pinout(:T (z)g-\l;gvd) PLCC 15 :I 05
SIN[]2 #[Jvoco

Do[]s . h 04

01]+ 12[1as

5 6 7 8 9 10 1

| AU R N [y Ny N [ NN R VNN B N

MC10E142
MC100E142

9-BIT SHIFT
REGISTER

@

FN SUFFIX
PLASTIC PACKAGE
CASE 776-02

LOGIC DIAGRAM

SR

[a} Qq

D

1
——'I:‘O I
1 'F Q2
Dz—l—lo i '—|>_=_‘
1
—I_IO }

D D3 D4 Vecco Q@ Q Q2 |D af Q3
* All Vo and Voo pins are tied together on the die. D3 "—LJ_‘ .
hd .
PIN NAMES )
L]
Pin Function . H
Dg-Dg Parallel Data Inputs .
S-IN Serial Data Input °
SEL Mode Select Input 1 p@ Qg
CLK1,CLK2 | Clock Inputs Dg 0
MR Master Reset SEL __| >___
Qp-Qg Data Outputs
FUNCTIONS CLK1 :D_
- CLK2
SEL : Mode VR D
L Load
H Shift
2= @ MOTOROLA
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MC10E142 MC100E142

DC CHARACTERISTICS (VEE = VEE(min) to VEg(max); Vcc = Vcco = GND)

0°C 25°C 85°C

Symbol Characteristic min typ max | min typ max | min typ  max | Unit | Condition
IIH Input HIGH Current 150 150 150 pA
IEE Power Supply Current mA

10E 120 145 120 145 120 145

100E 120 145 120 145 138 165

AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = Vcco = GND)
0°C 25°C 85°C
Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
fSHIFT Max. Shift Frequency 700 900 700 900 700 900 MH
z

tPLH Propagation Delay to Output ps
tPHL Clk 600 800 1000 | 600 800 1000 | 600 800 1000

MR 600 800 1000 | 600 800 1000 | 600 800 1000
ts Setup Time ps

D 50 -100 50 -100 50 -100

SEL 300 150 300 150 300 150
th Hold Time ps

D 300 100 300 100 300 100

SEL 75  -150 75  -150 75  -150
tRR Reset Recovery Time 900 700 900 700 900 700 ps
tpw Minimum Pulse Width ps

Cik, MR 400 400 400
tSKEW Within-Device Skew 75 75 75 ps Note 1
tr ‘| Rise/Fall Times ps
t 20 - 80% 300 525 800 | 300 525 800 | 300 525 800

1. Within-device skew is defined as identical transitions on similar paths through a device.
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9-Bit Hold Register

The MC10E/100E143 is a 9-bit holding register, designed with
byte-parity applications in mind. The E143 holds current data or loads
new data, with the nine inputs DO — D8 accepting parallel input data.

MC10E143
MC100E143

700MHz Min. Operating Frequency
9-Bit for Byte-Parity Applications
Asynchronous Master Reset

9-BIT HOLD

Dual Clocks

Extended 100E VEE Range of — 4.2V to — 5.46V
75kQ Input Pulldown Resistors

The SEL (Select) input pin is used to switch between the two modes of
operation — HOLD and LOAD. Input data is accepted by the registers a
set-up time before the positive going edge of CLK1 or CLK2. A HIGH on
the Master Reset pin (MR) asynchronously resets all the registers to zero.

Pinout: 28-Lead PLCC (Top View)
SEL Dg Dy Dg Ds Vcco Qs

REGISTER ‘

{é’

s Y T s T Y s T FN SUFFIX
25 24 23 22 21 20 19 PLASTIC PACKAGE
MR [ 26 18]y CASE 776-02
ctki[]er 17[] ag
cLke[2s 16{Jvee LOGIC DIAGRAM
vee []0 15[] 05 0 MUX D Q
- Do R
NCD 2 14 chco
Do[]3 13[] a4 X D | — Q4
D1 W R
D1[]s 12|]ag
i
D Q
5 6 7 8 9 10 1 Do MUX R
TJ CJT T T LT LC7J J
Do D3 Dg Vecco Q Q1 Qo 1
* All Vce and Vo pins are tied together on the die. MUX I D Q3
bs bl
L]
PIN NAMES °
Pin Function °
Dp-Dg Parallel Data Inputs ¢
SEL Mode Select Input * ! I s
CLK1,CLK2 | Clock Inputs MUX [ R!
MR Master Reset Dg
Qp-Qg Data Outputs
NC No Connection SEL -—D——
FUNCTIONS ot —— >
SEL Mode C','wK: _[>—
L Load
H Hold
12153 @ MOTOROLA
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MC10E143 MC100E143

DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)

0°C 25°C 85°C

Symbol Characteristic min typ max | min typ max | min typ  max | Unit | Condition
IIH Input HIGH Current 150 150 150 | pA
IEE Power Supply Current mA

10E 120 145 120 145 120 145

100E 120 145 120 145 138 165

AC CHARACTERISTICS (VEg = VEE(min) to VEE(max); Vo = Vcco = GND)
0°C 25°C 85°C

Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
TMAX Max. Toggle Frequency 700 900 700 900 700 900 MHz
tPLH Propagation Delay to Output ps
tPHL Clk 600 800 1000 | 600 800 1000 | 600 800 1000

MR 600 800 1000 | 600 800 1000 | 600 800 1000
ts Setup Time ps

D 50 -100 50 -100 50 -100

SEL 300 150 300 150 300 150
th Hold Time ps

D 300 100 300 100 300 100

SEL 75 150 75 -150 75 -150
tRR Reset Recovery Time 900 700 900 700 900 700 ps
tpw Minimum Pulse Width ps

Clk, MR 400 400 400
tSKEW Within-Device Skew 75 75 75 ps 1
t Rise/Fall Times ps
t 20 - 80% 300 525 800 | 300 525 800 | 300 525 800

1. Within-device skew is defined as identical transitions on similar paths through a device.
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6-Bit D Latch MC10E150
The MC10E/100E150 contains six D-type latches with differential MC1 00E1 50

outputs. When both Latch Enables (LEN1, LEN2) are LOW, the latch is
transparent and input data transitions propagate through to the output. A
logic HIGH on either LEN1 or LEN2 (or both) latches the data. The Master
Reset (MR) overrides all other controls to set the Q outputs low.

e 800ps Max. Propagation Delay
o Extended 100E VEE Range of — 4.2V to — 5.46V 6-BIT D LATCH
o 75kQ Input Pulldown Resistors

LOGIC DIAGRAM
Do D Qo
LR p—— Q
——
Dy D Q1 =M
R pP— O
FN SUFFIX
+— PLASTIC PACKAGE
CASE 776-02
Do D Q2
R P Q
—
D3 D Q3
R P (o
D4 D Q Pinout: 28-Lead PLCC (Top View)
R P Q MR LEN2 LENt NC Vgco Q5 Qs
¢— M MM MM
%5 24 28 22 21 20 19
Ds D Qs S _ 18]
LR PO D427 17[]oq
—
D3[ 28 16[]v
LENT O [Jvee
LEN2 VEE Q @ 15 ]Q'—a
MR - >—
D22 14]]qs
p1[]3 13[]a;
PIN NAMES
D
Pin Function o[+ i2[]a,
Do -Ds Data Inputs 5 6 7 8 9 10 N
LEN1, LEN2 Latch Enables O T I J T T T
MR Master Reset NC Veco @ Q Q1 Q1 Veco
Qo-Qs True Outputs * All Vo and Voco pins are tied together on the die.
Qp-Qs Inverting Outputs
12/93
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MC10E150 MC100E150

DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)

0°C 25°C 85°C

Symbol Characteristic min  typ max | min typ max | min typ max | Unit | Condition
liH Input HIGH Current pA

D 200 200 200

LEN, MR 150 150 150
IEE Power Supply Current mA

10E 52 62 52 62 52 62

100E 52 62 52 62 60 72

AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); VGG = Voco = GND)

0°C 25°C 85°C
Symbol Characteristic min  typ max | min typ max | min typ max | Unit | Condition

tPLH Propagation Delay to Output ps
tPHL D 250 375 550 | 250 375 550 | 250 375 550

LEN 375 500 700 | 375 500 700 | 375 500 700

MR 450 625 750 | 450 625 750 | 450 625 750
ts Setup Time ps

D 200 50 200 50 200 50
th Hold Time ps

D 200 -50 200 -50 200 -50
tRR Reset Recovery Time 750 650 750 650 750 650 ps ps
tpw Minimum Pulse Width ps

MR 400 400 400
tSKEW Within-Device Skew 50 50 50 ps 1
tr Rise/Fall Times ps
tf 20 - 80% 300 450 650 | 300 450 650 | 300 450 650

1. Within-device skew is defined as identical transitions on similar paths through a device.
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6-Bit D Register

The MC10E/100E151 contains 6 D-type, edge-triggered, master-slave
flip-flops with differential outputs. Data enters the master when both CLK1
and CLK2 are LOW, and is transferred to the slave when CLK1 or CLK2
(or both) go HIGH. The asynchronous Master Reset (MR) makes all Q

outputs go LOW.

o 1100MHz Min. Toggle Frequency
o Differential Outputs

o Asynchronous Master Reset

e Dual Clocks

o Extended 100E VEE Range of — 4.2V to — 5.46V

o 75kQ Input Pulldown Resistors

MC10E151
MC100E151

6-BIT D REGISTER

LOGIC DIAGRAM
DO § QO ’
> & @ %@_M
— [
Dy D Q4 FN SUFFIX
_ PLASTIC PACKAGE
> R O CASE 776-02
[ S—
Dp D Q2
P R A
]
D3 D Q3
R U Pinout: 28-Lead PLCC (Top View)
1 MR CLK2 CLKI NC Vogco Q5 Qs
e O s T e e s Y s O |
D4 D Q4 % 24 23 2 2 2 19
_ Ds5[ |26 18]]Qs
o @ 5[] ;I 4
A D4|: 27 17 :l Qs
Ds D Qg Daﬂ 28 18] vee
R P Qs _
- vee[10 15[]0s
CLK1 p2[]2 14[] 0
CLK2
D43 13[] Qg
MR —>— C [
PIN NAMES DOﬁ 4 12[] Q2
Pin Function 5 6 7 8 9 10 1
Do-Ds Data Inputs | N ) N [ i | I:' - |:_-| L
CLK1,CLK2 | Clock Inputs NC Vecco @ Q@ Q@ Q1 Veco
MR Master Reset * AllVoe and Voo pins are tied together on the die.
Qp-Qs True Outputs
Qp-Qs Inverted Outputs
12/93
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DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)

MC10E151 MC100E151

0°C 25°C 85°C
Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
IIH Input HIGH Current 150 150 180 | pA
lEE Power Supply Current mA
10E 65 78 65 78 65 78
100E 65 78 65 78 75 90
AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)
0°C 25°C 85°C
Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
fMAX Max. Toggle Frequency 1100 1400 1100 1400 1100 1400 MH
z
tPLH Propagation Delay to Output ps
tPHL Clk 475 650 800 | 475 650 800 | 475 650 800
MR 475 650 850 | 475 650 850 | 475 650 850
ts Setup Time ps
D 0 -175 0 -175 0 -175
th Hold Time ps
D 350 175 350 175 350 175
tRR Reset Recovery Time 750 550 750 550 750 550 ps
tpw Minimum Pulse Width ps
CLK, MR 400 400 400
tSKEW Within-Device Skew 65 65 65 ps 1
tr Rise/Fall Times ps
t 20 - 80% 300 450 700 | 300 450 700 | 300 450 700
1. Within-device skew is defined as identical transitions on similar paths through a device.
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5-Bit 2:1 Mux-Latch | MC10E154
The MC10E/100E154 contains five 2:1 multiélexers followed by : MC100E154

transparent latches with differential outputs. When both Latch Enables
(LEN1, LEN2) are LOW, the latch is transparent, and output data is
controlled by the multiplexer select control, SEL. A logic HIGH on either
LEN1 or LEN2 (or both) latches the outputs. The Master Reset (MR)
overrides all other controls to set the Q outputs LOW. 5-BIT 2:1

e 850ps Max. LEN to Output MUX-LATCH
e 825ps Max. D to Output

o Differential Outputs

e Asynchronous Master Reset

e Dual Latch-Enables

e Extended 100E VEg Range of — 4.2V to — 5.46V

o 75kQ Input Pulldown Resistors M
-
-

Pinout: 28-Lead PLCC (Top View) FN SUFFIX
Dgp Dga Dap Dza Veco 1 Q4 PLASTIC PACKAGE
M M M M Mo CASE 776-02
25 24 23 22 21 20 19 -
seL] 26 18[] Q3
N1 27 17]] Qs
’ ' LOGIC DIAGRAM
LEN2[ | 28 16[] Ve
([0 ik S i s 0 A
EE _ 150 @ EN_ = _
- Dop —{ SEL RA— Qo
WR[]2 1] — —
_ Ql—
Doa 3 3] Dra MUX D &
—11EN_gl— &
D SEL rRQ Q1
Dob[]4 12[] o 1 —] [
5 6 7 8 9 10 1 D al— q,
7 T 0 J 7 T J 2 MUX b -
Dia Dib D2a Dzp Vcco Qo Qo Dap SEL TR0 @
* All Vce and Voo pins are tied together on the die. 1 1
D3a MUX 0 T ®
PIN NAMES Dab SEL EN, Gf— 0
[ S mm— P S—
Pin Function
Don— Dae input Data R 0 ST
ob - Dap nput Data len = ~
SEL Data Select Input Dap SEL 10 Q
LEN1, LEN2 Latch Enables — —
MR Master Reset
Qo-Q4 True Outputs SEL -D—l
Qp-Qq Inverted Outputs
LEN{
TRUTH TABLE LEN2
SEL Data MR l>
H a
L b

12/93
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MC10E154 MC100E154

DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)

0°C 25°C 85°C
Symbol Characteristic min  typ max | min typ max | min typ max | Unit | Condition
liH Input HIGH Current 150 150 150 | pA
IEE Power Supply Current mA
10E 76 91 76 91 76 91
100E 76 91 76 91 87 105
AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)
0°C 25°C 85°C
Symbol Characteristic min typ max | min typ max ( min typ max | Unit | Condition
tPLH Propagation Delay to Output ps
tPHL D 325 500 700 | 325 500 700 | 325 500 700
SEL 475 650 925 | 475 650 925 | 475 650 925
LEN 350 500 750 [ 350 500 750 | 350 500 750
MR ) 450 600 800 | 450 600 800 | 450 600 800
ts Setup Time ps
D 300 100 300 100 300 100
SEL 500 250 500 250 500 250
th Hold Time ps
D 300 -100 300 -100 300 -100
SEL 200 -250 200 -250 200 -250
tRR Reset Recovery Time 800 600 800 600 800 600 ps
tpw Minimum Pulse Width ps
MR 400 400 400
tsKEw | - Within-Device Skew 50 50 50 ps 1
tr Rise/Fall Times ) ps
tf 20 - 80% 300 475 800 | 300 475 800 [ 300 475 800

1. Within-device skew is defined as identical transitions on similar paths through a device.
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6-Bit 2:1 Mux-Latch . MC10E155
The MC10E/100E155 contains six 2:1 multiplexers followed by MC100E155

transparent latches with single-ended outputs. When both Latch Enables
(LEN1, LEN2) are LOW, the latch is transparent, and output data is
controlled by the muitiplexer select control, SEL. A logic HIGH on either
LEN1 or LEN2 (or both) latches the outputs. The Master Reset (MR)
overrides all other controls to set the Q outputs LOW.

6-BIT 2:1
e 850ps Max. LEN to Output MUX-LATCH
e 825ps Max. D to Output
o Single-Ended Outputs
e Asynchronous Master Reset
e Dual Latch-Enables
o Extended 100E VEg Range of — 4.2V to — 5.46V
e 75kQ Input Pulldown Resistors
Pinout: 28-Lead PLCC (Top View)
Dsa Dgp Dga Dgp Dza NC Vgco FN SUFFIX
M M M M i PLASTIC PACKAGE
25 24 23 22 21 20 19 CASE 776-02
Dsb[]26 18[]0s
temt o7 1] LOGIC DIAGRAM
LEN2[ |28 16 ] vee Doa MUX b F—aqg
— |en
vee (] @ 15 ;‘Qa Dgb SEL A
T J
MR[]2 “jo Dia MUX o
seL[]s 13] Jveco Dib- SEL -
~— T
Doa
0a [4 2o bpa X —al—oq
5 6 7 g8 9 10 1 EN
T J 7T T J Dpb—1 SEL =L
Dgb Dia Dib Dpa Dob Vgoo Qo
al
* All Vo and Voo pins are tied together on the die. Da MUX D Q3
Dab SEL BNy
T J
PIN NAMES Dya MUX o AF—04
i EN
Pin Function Dgb SEL R
Doa - Do4 Input Data a ! !
Dgb — Dgb Input Data b Dsa af—q
SEL Data Select Input MUX :;N 5
LEN1, LEN2 Latch Enables Dsb SEL R
MR Master Reset T T
Qo-Q4 Outputs SEL —D—
TRUTH TABLE LEN1 j >
SEL Data LEN2
L b
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MC10E155 MC100E155

DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); VGG = VGco = GND)

0°C 25°C 85°C
Symbol Characteristic min typ max [ min typ max | min typ max | Unit | Condition
IIH Input HIGH Current 150 150 150 | pA
e Power Supply Current mA
10E 85 102 85 102 85 102
100E 85 102 85 102 98 17
AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)
0°C 25°C 85°C
Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
tPLH Propagation Delay to Output ps
tPHL D 325 500 700 | 325 500 700 | 325 500 700
SEL 475 675 925 | 475 675 925 | 475 675 925
LEN 350 500 750 | 350 500 750 | 350 500 750
MR 450 600 850 | 450 600 850 | 450 600 850
ts Setup Time ps
D 300 100 300 100 300 100
SEL 500 250 500 250 500 250
th Hold TIme ps
D 300 ~100 300 -100 300 -100
SEL 0 - 250 0 -250 0 —250
tRR Reset Recovery Time 800 650 800 650 800 650 ps
tpw Minimum Pulse Width ps
MR 400 400 400
tSKEW Within-Device Skew 75 75 75 ps 1
t Rise/Fall Times ps
tf 20 - 80% 300 450 800 | 300 450 800 | 300 450 800
1. Within-device skew is defined as identical transitions on similar paths through a device.
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-
3-Bit 4:1 Mux-Latch MC10E156
The MC10E/100E156 contains three 4:1 multiplexers followed by MC1 00E1 56
transparent latches with differential outputs. When both Latch Enables
(LEN1, LEN2) are LOW, the latch is transparent, and output date is
controlled by the multiplexer select controls (SELO, SEL1). A logic HIGH
on either LEN1 or LEN2 (or both) latches the outputs. The Master Reset
(MR) overrides all other controls to set the Q outputs LOW.
950ps Max. D to Output 3-BIT 4:1
. ps Max. D to Outpu
e 850ps Max. LEN to Output MUX-LATCH
o Differential Outputs
e Asynchronous Master Reset
o Dual Latch-Enables
o -Extended 100E VEE Range of — 4.2V to — 5.46V
e 75kQ Input Pulldown Resistors
Pinout: 28-Lead PLCC (Top View) &
Db Dia Dod Doc Dob Doa Vgco
M 1 M i M
25 24 23 22 21 20 19 o FN SUEFIX
seLo[ ] 26 18]]Qp PLASTIC PACKAGE
CASE 776-02
seL1|27 17[]q
MR[ ] 28 16 vee
vee [0 s]ar- LOGIC DIAGRAM
Lent[]2 147 Doa b q
Db 41 0
LEnz[]3 13[] Veco D Mux
(] —EN b—— @
— Dod R
Dic[]4 12[]a . | —
5 6 7 8 9 10 1
LT CJ T T T L7 1 Dra D a
Did Dpa Dgb Doc Dod Veco Qo Dib 411 1
Die MUX ~
* All Voe and Voo pins are tied together on the die. Dyd 1 ENH P— Q
] I 3 ]
PIN NAMES 1
Pin Function Doa D a
Dgx — Dgx Input Data Dob “‘;JX 2
SELO, SEL1 Select Inputs Dac L |y o
LEN1, LEN2 Latch Enables Dod R 2
MR Master Reset —
Qp-Q2 True Outputs _T
Qo-Q2 Inverted Outputs SELO _D'
FUNCTION TABLE SEL1 —| >—
LEN1
SEL1 SELO Data LEN :D——————
L L a _|>—
L H b MR
H L c
H H d
o @ MOTOROLA
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MC10E156 MC100E156

DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Ve = VGCo = GND)

0°C 25°C 85°C
Symbol Characteristic min  typ max | min typ max [ min typ max | Unit | Condition
IIH Input HIGH Current 150 150 150 | pA
IEE Power Supply Current mA
10E 75 90 75 90 75 90
100E 75 90 75 90 86 103
AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Voco = GND)
0°C 25°C 85°C
Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
tPLH Propagation Delay to Output ps
tPHL D 400 600 900 | 400 600 900 | 400 600 900
SELO 550 775 1050 | 550 775 1050 | 550 775 1050
SEL1 450 650 900 | 450 650 900 | 450 650 900
LEN 350 500 800 | 350 500 800 | 350 500 800
MR 350 600 825 | 350 600 825 | 350 600 825
ts Setup Time ps
D 400 275 400 275 400 275
SELO 700 300 700 300 700 300
SEL1 600 400 600 400 600 400
th Hold Time ps
D 300 -275 300 -275 300 -275
SELO 100 -300 100 —300 100 -300
SEL1 200 -400 200 -—400 200 —400
tRR Reset Recovery Time 800 600 800 600 800 600 ps
tPw Minimum Pulse Width ps
MR 400 400 400
tSKEW Within-Device Skew 50 50 50 ps 1
tr Rise/Fall Times ps
tf 20 - 80% 275 475 700 | 275 475 700 | 275 475 700

1. Within-device skew is defined as identical transitions on similar paths through a device.
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Quad 2:1 Multiplexer

The MC10E/100E157 contains four 2:1 multiplexers with differential
outputs. The output data are controlled by the individual Select (SEL)
inputs. The individual select control makes the devices well suited for
random logic designs.

e Individual Select Controls

o 550ps Max. D to Output

o 800ps Max. SEL to Output

e Extended 100E VEE Range of — 4.2V to — 5.46V
o Internal 75kQ Input Pulldown Resistors

Pinout: 28-Lead PLCC (Top View)

SEL3 NC Dsa Dgb Veco @3 Q3
e A e T e O e Y s I

%5 24 2 22 21 2 19
D226 18]
Dpal|27 ]

SELzlj 28 16 ] vee
vee [10 1570y

senf]2 1] q
pra[]s 18]]Q
Dip[4 12[] Qo

5 6 7 8 9 10 1

N Sy [y N Y
SEL0 Dja Db NC NC NC Vo

* All Voe and Voo pins are tied together on the die.

MC10E157
MC100E157

QUAD 2:1
MULTIPLEXER

FN SUFFIX
PLASTIC PACKAGE
CASE 776-02

LOGIC DIAGRAM

Dpa —

Dob ———

SELO

Dia

Dib
SEL1
Doa
PIN NAMES
Pin Function Db
Dga - D3a Input Data a
Dgb - D3b Input Data b SEL2
SELO - SEL3 Select Inputs
Qp-Q3 True Outputs Daa
Qp-Q3 Inverted Outputs
TRUTH TABLE Dgb
SEL Data
H a SEL3
L b
12/93
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DC CHARACTERISTICS (VEE = VEE(min) to VEg(max); Vcc = Vcco = GND)

MC10E157 MC100E157

0°C 25°C 85°C
Symbol Characteristic min  typ max | min typ max | min typ max | Unit | Condition
IIH Input HIGH Current pA
D 200 200 200
SEL 150 150 150
IEE Power Supply Current mA
10E 32 38 32 38 32 38
100E 32 38 32 38 37 44
AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); VcC = Vcco = GND)
0°C 25°C 85°C
Symbol Characteristic min  typ max | min typ max | min typ max | Unit | Condition
tPLH Propagation Delay to Output ps
tPHL D 220 380 550 | 220 380 550 | 220 380 550
SEL 425 600 800 | 425 600 800 | 425 600 800
tSKEW Within-Device Skew 70 70 70 ps 1
tr Rise/Fall Times ps
tf 20 - 80% 275 400 650 | 275 400 650 | 275 400 650
1. Within-device skew is defined as identical transitions on similar paths through a device.
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

5-Bit 2:1 Multipiexer

The MC10E/100E158 contains five 2:1 multiplexers with differential
outputs. The output data are controlled by the Select input (SEL).

MC10E158
MC100E158

e 600ps Max. D to Output

e 800ps Max. SEL to Output

o Differential Outputs

One Vcco Pin Per Output Pair

5-BIT 2:1

e o o

Extended 100E VEE Range of - 4.2V to — 5.46V
75kQ Input Pulldown Resistors

Pinout: 28-Lead PLCC (Top View)

Dga Dgp Dza Vcco Q4 Q4 Voco

S S s N Y Y s Y o O o

MULTIPLEXER

% 24 28 22 20 2 19 | %
o []2s 1810 -
D 17[]a FN SUFFIX
2an 7 10 PLASTIC PACKAGE
oo []2s 16 Voo CASE 776-02
vee [0 1515
seL[]2 1]
Dea[]3 13 ;I Veeo LOGIC DIAGRAM
Do [4 12[]q Dpa MUX Qo
5 6 7 8 9 10 11 Dgb SEL P Q
J J LJ CJ J CJ 13 T
Dia Db Vcco Qo Qo Veco @
) ) ) Dya MUX Q1
* All Vce and Voo pins are tied together on the die. _
SEL Q
Dib T 1=
Doa MUX Q
PIN NAMES Dab SEL e
Pin Function
Dpa—-Dga Input Data a Daa MUX 03
Dgb — Dgb Input Data b Q
SEL Select Input Dab .___S_FL %
90 - 94 True Outputs
Qo-Q4 Inverted Outputs Dga MUX Q4
FUNCTION TABLE Db SEL [
SEL Data 1
H a
L b SEL -I >
12183 @ MOTOROLA
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DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Ve = Voo = GND)

MC10E158 MC100E158

0°C 25°C 85°C
Symbol Characteristic min  typ max | min typ max | min typ max | Unit | Condition
IIH Input HIGH Current pA
D 200 200 200
SEL 150 150 150
133 Power Supply Current mA
10E 33 40 33 40 33 40
100E 33 40 33 40 38 46
AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Voco = GND)
0°C 25°C 85°C
Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
tPLH Propagation Delay to Output ps
tPHL D 225 385 550 | 225 385 550 | 225 385 550
SEL 400 600 775 | 400 600 775 | 400 600 775
tSKEW Within-Device Skew 60 60 60 ps 1
tr Rise/Fall Time ps
tf 20 - 80% 275 425 650 | 275 425 650 | 275 425 650
1. Within-device skew is defined as identical transitions on similar paths through a device.
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SEMICONDUCTOR TECHNICAL DATA

12-Bit Parity
Generator/Checker

The MC10E/100E160 is a 12-bit parity generator/checker. The Q
output is HIGH when an odd number of inputs are HIGH. A HIGH on the
Enable input (EN) forces the Q output LOW.

The E160 also features an output register. Muitiplexers direct the
register input, giving the option of holding present data by asserting
HOLD LOW, or of shifting data in through the S-IN pin by asserting SHIFT
HIGH. The output register itself is clocked by a positive edge on CLK1 or
CLK2 (or both). A HIGH on the reset pin (R) overrides to force the Y
output LOW.

o Provides Odd-HIGH Parity of 12 Inputs

o Shiftable Output Register with Hold

900ps Max. D to Q/Q Output

Enable

Asynchronous Register Reset

Dual Clocks

Extended 100E VEE Range of — 4.2V to — 5.46V
75kQ Input Pulldown Resistors

Pinout: 28-Lead PLCC (Top View)
Dy D3 Dp Dy Dy EN Voo
[ M M M M

MC10E160
MC100E160

12-BIT PARITY
GENERATOR/CHECKER

4

FN SUFFIX
PLASTIC PACKAGE
CASE 776-02

LOGIC DIAGRAM

Q

l: 0 — 0 —D J- Y

MUX MUX —

L 1 P— v
SEL SEL F R

25 24 23 22 21 20 19 _
Ds[ |26 18[]a
D[ 27 17[]a
D728 16| ] vee
Do
vee (1@ 5[] D
Do
ng[]2 14 jY D3
Dy
g[8 13[]Veco D5
De
D1o[]4 12]]NC D7
Dg
5 6 7 8 9 10 1 Dg
I I N I N B U [ O Dig
Dy HOLD SN SHIFT CLK1 CLk2 R Dy4
*AltVee and VCCO pins are tied together on the die. EN
PIN NAMES HOLD
Pin Function SIN
SHIFT
Dg-D1q Data Inputs LK1
S-IN Serial Data Input CLK2
EN Enable, active LOW R
HOLD Hold, active LOW
SHIFT Shift, active HIGH
CLK1, CLK2 Clock Inputs
R Reset Inputs
Q,Q Direct Qutput
Y, Y Register Output
12/93

© Motorola, Inc. 1996 2-56

REV 2

@ MOTOROLA



DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vo = Vcco = GND)

MC10E160 MC100E160

0°C 25°C 85°C
Symbol Characteristic min  typ max | min typ max | min typ max | Unit [ Condition
IIH Input HIGH Current pA
CLK1, CLK2 200 200 200
R 300 300 300
All Other Inputs 150 150 150
Igg Power Supply Current mA
10E 82 98 82 98 82 98
100E 82 98 82 98 94 113
AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vocco = GND)
0°C 25°C 85°C
Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
tPLH Propagation Delay to Output ps
tPHL DtoQ 400 650 950 | 400 650 950 | 400 650 950
EntoQ 300 550 750 | 300 550 750 | 300 550 750
CLKtoY 275 500 700 | 275 500 700 | 275 500 700
RtoY 275 500 725 | 275 500 725 | 275 500 725
ts Setup Time ps
D 1200 900 1200 900 1200 900
HOLD 600 300 600 300 600 300
S-IN 350 150 350 150 350 150
SHIFT 500 250 500 250 500 250
th Hold Time ps
D -400 -900 —-400 ~900 —400 -900
HOLD 100 -300 100 -300 100 -300
S-IN 300 150 300 -150 300 -150
SHIFT 200 -250 200 -250 200 -250
tr Rise/Fall Time ps
t 20 - 80% 300 450 650 [ 300 450 650 ( 300 450 650
1. Within a device skew is guaranteed for identical transitions on similar paths through a device.
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SEMICONDUCTOR TECHNICAL DATA

2-Bit 8:1 Multiplexer

The MC10E/100E163 contains two 8:1 multiplexers with differential
outputs and common select inputs. The select inputs (SELO, 1, 2) control
which one of the eight data inputs (Ag — A7, Bg — B7) is propagated to the

output.

e 850ps Max. D to Output

e Differential Outputs

e Extended 100E VEE Range of — 4.2V to - 5.46V
e 75kQ Input Pulldown Resistors

Pinout: 28-Lead PLCC (Top View)

Bp By By B Bg By Vcco
s O e O e O s T O s O

o[ L
Bo[]27 17;| B
seLo[] 28 16[] veo

vee [ @ 15[] NC
smd 2 14[7 veco
sE2[] 3 13[] A
Ao[j 4 12[] oA
5 6 7 8 9 10

O J J J J JJ
M A A3 A A A A
* All Vo and Vo pins are tied together on the die.

FUNCTION TABLE
A/B
SEL2 SEL1 SELO Data
L L L 0
L L H 1
L H L 2
L H H 3
H L L 4
H L H 5
H H L 6
H H H 7
PIN NAMES
Pin Function
Ag-A7 A Data Inputs
Bo-B7 B Data Inputs
SELO, 1,2 Select Inputs
QA, QB True Outputs
QA, QB Inverting Outputs
12/93

MC10E163
MC100E163

2-BIT
8:1 MULTIPLEXER

"

FN SUFFIX
PLASTIC PACKAGE
CASE 776-02

LOGIC DIAGRAM

Ag
Ay

A2
A3

A4_
As

Ae___a

A7 L

SELQ —¢
SEL1
SEL2

To Side B
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DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)

MC10E163 MC100E163

0°C 25°C 85°C
Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
IIH Input HIGH Current 150 150 150 A
IEE Power Supply Current mA
10E 73 88 73 88 73 88
100E 73 88 73 88 83 100
AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)
0°C 25°C . 85°C
Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
tPLH Propagation Delay to Output ps
tPHL D 400 550 800 | 400 550 800 | 400 550 800
SELO 525 725 950 525 725 950 525 725 950
SEL1 425 625 850 | 425 625 850 | 425 625 850
SEL2 350 525 725 | 350 525 725 | 350 525 725
tSKEW Within-Device Skew ps 1
An,BntoQ 40 40 40
An, Amto QA 30 30 30
Bn, Bmto QB 30 30 30
tr Rise/Fall Time ps
1 20 - 80% 275 375 575 | 275 375 575 | 275 375 575
1. Within-device skew is defined as identical transitions on similar paths through a device; n = 0-7, m n, m = 0-7.
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SEMICONDUCTOR TECHNICAL DATA

16:1 Multiplexer

The MC10E/100E164 is a 16:1 multiplexer with a differential output.
The select inputs (SELO, 1, 2, 3 ) control which one of the sixteen data

inputs (AO — A15) is propagated to the output.

Special attention to the design layout results in a typical skew between

the 16 inputs of only 50ps.

e 850ps Data Input to Output

o Differential Output

e Extended 100E VEE Range of — 4.2V to — 5.46V
e Internal 75kQ Input Pulldown Resistors

Pinout: 28-Lead PLCC (Top View)

Ao At A2 Ai3 Ag A5 Veco
s O e O e N s O s O s A |

w2 5 4 B 2 A A 6 e
Ag[] 27 17[] ne
SEL3[] 28 16[] Vee

vee [0 15[]Q
seL2[] 2 1[]a
sEwo[] s 13[] veco
sEL[] 4 12[] Ap

5 6 7 8 9 10 n

7 T 7 7 7 T J
A7 As A5 A4 A3 A Ay

* All Vo and Voo pins are tied together on the die.

PIN NAMES
Pin Function
Ap-A1s Data Inputs
SEL[0:3] Select Inputs
Q,Q Output
12/93

MC10E164
MC100E164

16:1 MULTIPLEXER
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LOGIC DIAGRAM
A
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° 16:1 _
Q
A4
Ats
SELO
SEL1
SEL2
SEL3
@ MOTOROLA
REV 2



DC CHARACTERISTICS (VEEg = VEE(min) to VEE(max); Vcc = Voco = GND)

MC10E164 MC100E164

0°C 25°C 85°C
Symbol Characteristic min  typ max | min typ max | min typ max | Unit | Condition
IIH Input HIGH Current 150 150 150 | pA
(53 Power Supply Current mA
10E 59 71 59 71 59 71
100E 59 71 59 al 68 81
AC CHARACTERISTICS (VEg = VEE(min) to VEE(max); Vcc = Vcco = GND)
0°C 25°C 85°C
Symbol Characteristic min typ max [ min typ max | min typ max | Unit [ Condition
tPLH Propagation Delay to Output ps
tPHL A Input 350 600 850 | 350 600 850 [ 350 600 850
SELO 500 700 900 | 500 700 900 | 500 700 900
SEL1 400 675 900 | 400 675 900 | 400 675 900
SEL2 400 675 900 | 400 675 900 | 400 675 900
SEL3 400 550 700 | 400 550 700 [ 400 550 700
tSKEW Within Device Skew 50 50 50 ps 1
tr Rise/Fall Times ps
t 20 - 80% 275 400 550 | 275 400 550 | 275 400 550
1. Within Device skew is defined as the difference in the A to Q delay between the 16 different A inputs.
FUNCTION TABLE
SEL3 | SEL2 | SEL1 SELO Data
L L L L A0
L L L H At
L L H L A2
L L H H A3
L H L L A4
L H L H A5
L H H L A6
L H H "H A7
H L L L A8
H L L H A9
H L H L A10
H L H H A1l
H H L L A12
H H L H A13
H H H L Al4
H H H H A15
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MOTOROLA

SEMICONDUCTOR TECHNICAL DATA

9-Bit Magnitude Comparator

The MC10E/100E166 is a 9-bit magnitude comparator which
compares the binary value of two 9-bit words and indicates whether one
word is greater than, or equal to, the other.

e 1100ps Max. A=B
e Extended 100E VEE Range of — 4.2V to — 5.46V
e 75kQ Input Pulldown Resistors

Pinout: 28-Lead PLCC (Top View)

B A By Ay By Ay Veco
s T s O s A e Y e Y s O o |

Aad N i
Ba[]e7 , 17h NC
NCE 28 16[] Vee
vee[]® 15[] BA
A2 14[] veco
B4[]3 13[] A8
As[] 4 12[]Ne
5 6 7 8 9 101

N I I Y O
Bs As B A7 By Ag Bg

* All Voe and Voo pins are tied together on the die.

PIN NAMES
Pin Function

Ap—-Ag A Data Inputs

Bp-Bg B Data Inputs

A>B A Greater than B Output

B>A B Greater than A Output

A=B A Equal to B Output
(active-LOW)

7/96

MC10E166
MC100E166

9-BIT MAGNITUDE

COMPARATOR
|
|
FN SUFFIX
PLASTIC PACKAGE
CASE 776-02
LOGIC DIAGRAM
e ) A8
o
=
& _
= A=B
=
Q
(&]
Bo-8s 5 > B4
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DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); VGG = Voco = GND)

MC10E166 MC100E166

0°C 25°C 85°C
Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
H Input HIGH Current 150 150 150 | pA
IEE Power Supply Current mA
10E 113 156 113 156 113 156
100E 113 156 113 156 130 156
AC CHARACTERISTICS (VEg = VEE(min) to VEE(max); Vcc = Vcco = GND)
0°C 25°C 85°C
Symbol Characteristic min  typ max | min typ max | min typ max | Unit | Condition
tPLH Propagation Delay to Output ps
tPHL DtoA=B 500 750 1100 | 500 750 1100 | 500 750 1100
DtoA<B,A>B 500 850 1400 | 500 850 1400 | 500 850 1400
t Rise/Fall Time ps
t 20 - 80% 300 450 800 | 300 450 800 | 300 450 800
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SEMICONDUCTOR TECHNICAL DATA

6-Bit 2:1 Mux-Register MC10E167
The MC10E/100E167 contains six 2:1 multiplexers followed by D MC1 00E1 67

flip-flops with single-ended outputs. Input data are selected by the Select
control, SEL. The selected data are transferred to the flip-flop outputs by
a positive edge on CLK1 or CLK2 (or both). A HIGH on the Master Reset
(MR) pin asynchronously forces all Q outputs LOW.

e 1000MHz Min. Operating Frequency K 6-BIT 2:1

e 800ps Max. Clock to Output MUX-REGISTER
e Single-Ended Outputs

e Asynchronous Master Resets

e Dual Clocks

e Extended 100E VEE Range of — 4.2V to — 5.46
e 75kQ Input Pulldown Resistors :

Pinout: 28-Lead PLCC (Top View)

Dsa Dgb Dga D3b Dsa NC Vgco =
1 1 /1 1

25 24 23 22 21 20 19
Dso [26 18[] a5 FN SUFFIX
PLASTIC PACKAGE
ekt [or 17[] 04 CASE 776-02
clka[]28 161 vee
vee []@ 15[]as LOGIC DIAGRAM
mr[]2 “[a Dge MUX b Qf Q
—pP
seL[3 18[]veco oo —— st R
oca [ 4 12[] oy Dia MUX p 4@
Dib SEL R
5 6 7 8 9 10 11 =
LT CJ CJ LT L7 LT LT —
Dob D1a Dib Doa Dob Voco Qo Doa MUX |— D QF Q
All Vo and Voo pins are tied together on the die. Ogb SEL > A
T ¥
D3a Q- q
PIN NAMES MUX >D 3
Pin Function D3b SIIEL f‘
Dga - Dsa Input Data a Dga (o)
Dgb - Dsb Input Data b MUX D Q4
SEL Select Input Dgb SEL o R
CLK1, CLK2 Clock Inputs d 7
MR Master Reset Dsa ol a
Qo-Qs Data Outputs MUX D 5
>
L
FUNCTIONS Dsb SE R
SEL Data SEL
H a CLK1
L b CLK2
=
12/93
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MC10E167 MC100E167

DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Voco = GND)

0°C 25°C 85°C

Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
IH Input HIGH Current 150 150 150 | pA
IEE Power Supply Current mA

10E 94 113 94 113 94 113

100E 94 113 94 113 108 130

AC CHARACTERISTICS (VEE = VEE(mIn) to VEE(max); Vo = Vcco = GND)
0°C 25°C 85°C

Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
fMAX Max. Toggle Frequency 1000 1400 1000 1400 1000 1400 MHz
tPLH Propagation Delay to Output ps
tPHL Clk 450 650 800 | 450 650 800 | 450 650 800

MR 450 650 850 | 450 650 850 | 450 650 850
ts Setup Time ps

D 100 -50 100 -50 100 -50

SEL 275 125 275 125 275 125
th Hold Time ps

D 300 50 300 50 300 50

SEL 75 125 75 -125 7% -125
tRR Reset Recovery Time 750 550 750 550 750 550 ps
tpw Minimum Pulse Width ps

Clk, MR 400 400 400
tSKEW Within-Device Skew 75 75 75 ps 1
tr Rise/Fall Times ps
1 20 - 80% 300 450 800 | 300 450 800 | 300 450 800

1. Within-device skew is defined as identical transitions on similar paths through a device.
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SEMICONDUCTOR TECHNICAL DATA

3-Bit 4:1 Multiplexer MC10E171

The MC10E/100E171 contains three 4:1 multiplexers with differential MC1 OOE 1 7 1
outputs. Separate Select controls are provided for the leading 2:1 mux
pairs (see logic symbol). The three Select inputs control which one of the
four data inputs in each case is propagated to the corresponding output.

e 725ps Max. D to Output 3-BIT 4:1

o Split Select MULTIPLEXER
o Differential Outputs

e Extended 100E VEE Range of — 4.2V to — 5.46V
e 75kQ Input Pulldown Resistors

Pinout: 28-Lead PLCC (Top View)

Dib Dia Dod Doc Dob Doa Vgco
A MMM 1

FN SUFFIX
EL Aﬁ % % = 2 & 2 19 18 ] [ PLASTIC PACKAGE
SEL1AL {26 2 CASE 776-02
seLtB[]27 7[]az
SELZE # * :I Yee LOGIC DIAGRAM
vee [0 5[]a Dga — 21
MUX
nc[]2 14[] o4 Y J— l - .
S a1}
ne[]s 13 h Voco o o MUX -
T ox | Lse P @
Dref] 12| ] Qg MUX =
Dod SEL
5 6 7 8 9 10 1 3
AN NN [ N B U B NN N B Dya 21
Did Dpa Dgb Dgc Dod Voco Qo MUX __I_
* All Vg and Voo pins are tied together on the die. Dib SEL H 21—
S MUX
PIN NAMES , Dic 21 I_' SEL ()
MUX —1
Pin Function Dyd
SEL
Dox — Dox Data Inputs T
SEL1A, SEL1B First-stage Select Inputs Dya 29
SEL2 Second-stage Select Input MUX
Qp-Q2 True Output Dob I -
Qp-Q2 Inverted Output 2 SEL u JJX Q2
FUNCTION TABLE Do 21 __IJ— seL P @
Pin State Operation MUX
Dzd SEL
SEL2 H Output ¢/d data T
SEL1A H Input d data
SEL1B H Input b data SEL1A D
seLtg | >—

|

SEL2

12/93
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MC10E171 MC100E171

DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vo = Vcco = GND)

0°C 25°C 85°C
Symbol Characteristic min typ max [ min typ max [ min typ max | Unit | Condition
IiH Input HIGH Current 150 150 150 | pA
IEE Power Supply Current mA
10E 56 67 56 67 56 67
100E 56 67 56 67 65 77
AC CHARACTERISTICS (VEE = VEE(min) to VEg(max); Vcc = Vcco = GND)
0°C 25°C 85°C
Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
tPLH Propagation Delay to Output ps
tPHL D 275 480 650 | 275 480 650 | 275 480 650
SEL1 450 650 850 | 450 650 850 [ 450 650 850
SEL2 350 550 700 | 350 550 700 | 350 550 700
tSKEW Within-Device Skew ps 1
Dnm, Dnm to Qn 60 60 60
Da, Db, Dc, Dd to Q 40 40 40
t Rise/Fall Time ps
t 20 - 80% 300 475 650 | 300 475 650 | 300 475 650

1. Within-device skew is defined as identical transitions on similar paths through a device; n =0,1,2m =a,b,c,d.
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SEMICONDUCTOR TECHNICAL DATA

9-Bit Latch With Parity

The MC10E/100E175 is a 9-bit latch. It also features a tenth latched
output, ODDPAR, which is formed as the odd parity of the nine data
inputs (ODDPAR is HIGH if an odd number of the inputs are HIGH).

The E175 can also be used to generate byte parity by using D8 as the
parity-type select (L = even parity, H = odd parity), and using ODDPAR as
the byte parity output.

The LEN pin latches the data when asserted with a logical high and
makes the latch transparent when placed at a logic low level.

e 9-Bit Latch

o Parity Detection/Generation

e 800ps Max. D to Output

o Reset

e Extended 100E VEE Range of — 4.2V to — 5.46V
o Internal 75kQ Input Pulldown Resistors

Pinout: 28-Lead PLCC (Top View)
Ds D7 Dg Vcco Q8 Q7 Veco
i O e O e Y s O s O |

—
% 24 28 2 21 20 19
D5 []26 18]]0s
Dg[J27 17[]as
Dg[]28 16[]vee
VEE q 0 15[]0s -
LEN Q 2 14[] 03 Do
MR I:3 13 :l Veeo
D2 E4 210,
5 6 7 8 9 1o 1
J 7 T T T T J
Di Do Veco £ Qo Veco Dg
a
o

* All Vo and Voo pins are tied together on the die.

PIN NAMES
Pin Function

Do-Dg Data Inputs

LEN Latch Enable

MR Master Reset

Qo -Qsg Data Outputs LEN

ODDPAR Parity Output MR
12/93

MC10E175
MC100E175

9-BIT LATCH
WITH PARITY

N

FN SUFFIX
PLASTIC PACKAGE
CASE 776-02

LOGIC DIAGRAM

D QF—Q

D Qg

—— ODDPAR

Y

— EN
R

T
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DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Veco = GND)

MC10E175 MC100E175

0°C 25°C 85°C
Symbol Characteristic min typ max min typ max min typ max | Unit | Cond
IIH Input HIGH Current 150 150 150 pA
IEE Power Supply Current mA
10E 110 132 110 132 110 132
100E 110 132 110 132 127 152
AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vo = Vcco = GND)
0°C 25°C 85°C
Symbol Characteristic min typ max min typ max min typ max | Unit | Cond
tPLH Propagation Delay to Output ps
tPHL DtoQ 450 600 800 450 600 800 450 600 800
D to ODDPAR 850 1150 1450 | 850 1150 1450 | 850 1150 1450
LENto Q 525 700 900 525 700 900 525 700 900
LEN to ODDPAR 525 700 900 525 700 900 525 700 900
MR to Q(tpHL) 525 700 900 525 700 900 525 700 900
MR to ODDPAR(tpH|) 525 700 900 525 700 900 525 700 900
tg Setup Time ps
D (Q) 275 100 275 275
D (ODDPAR) 900 700 900 900
th Hold Time ps
D (Q) 175 -100 175 175
D (ODDPAR) -300 -70 - 300 - 300
tRR Reset Recovery Time 850 600 850 600 850 600 ps
tskEw | Within-Device Skew ps 1
LEN, MR 75 75 75
DtoQ 75 75 75
D to ODDPAR 200 200 200
tr Rise/Fall Times ps
tf 20 - 80% 300 500 800 300 500 800 300 500 800
1. Within-device skew is defined as identical transitions on similar paths through a device.
FUNCTION TABLE
EN MR Q ODDPAR
H L L H H if odd no. of Dn HIGH
L L L L H if odd no. of Dn HIGH
X H L Qo Qo
X X H L L
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Error Detection/Correction MC10E193
Circuit MC100E193

The MC10E/100E193 is an error detection and correction (EDAC)
circuit. Modified Hamming parity codes are generated on an 8-bit word
according to the pattern shown in the logic symbol. The P5 output gives

the parity of the whole word. The word parity is also provided at the PGEN
pin, after Odd/Even parity control and gating with the BPAR input. This ERROR DETECTION/
output also feeds to a 1-bit shiftable register, for use as part of a scan ring. CORRECTION CIRCUIT

Used in conjunction with 12-bit parity generators such as the E160, a
SECDED (single error correction, double error detection) error system
can be designed for a multiple of an 8-bit word.

e Hamming Code Generation

e 8-Bit Word, Expandable

e Provides Parity of Whole Word

e Scannable Parity Register

e Extended 100E VEE Range of — 4.2V to — 5.46V

; FN SUFFIX
e 75kQ Input Pulldown Resistors PLASTIC PACKAGE

CASE 776-02

BINPUTS
0g BINRUTS LOGIC DIAGRAM
Y
= B2,83.86,B7 Py
H
Pinout: 28-Lead PLCC (Top View)
A 81885 87 P EN FOID SIN SHIFT CLK Vgco PGEN
) 1 i T e O e B s A 0
% M ®m @ a5 2 M
\ B4, Bs, Bg, By EVioD[ | 26 18 [ PARERR
i Pa
7 BPAR[ | 27 17 [] PARERR
= jD e Py go[] 28 16[]vec
7 .
v 15[]P
a) BYTE B-87), ee[|0 1P
/’ s By I: 2 14 ] Veco

Bo[]3 13[]e
BPAR D PGEN 2[] 17
EV/OD — J B34 [1rs

D PARERR 56 7 8 9 10 1f

Iy Oy sy S gy
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DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); VGG = VGO = GND)

MC10E193 MC100E193

0°C 25°C 85°C
Symbol Characteristic min  typ max | min typ max | min typ max | Unit [ Condition
IH Input HIGH Current 150 150 150 pA
IEE Power Supply Current mA
10E 112 134 12 134 112 134
100E 112 134 112 134 129 155
AC CHARACTERISTICS (VEg = VEE(min) to VEE(max); Vcc = Voco = GND)
0°C 25°C 85°C
Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
tPLH Propagation Delay to Output ps
tPHL Bto P1, P2, P3, P4 350 700 1000 | 350 700 1000 | 350 700 1000
Bto P5 400 775 1150 | 400 775 1150 | 400 775 1150
EV/OD, BPAR to PGEN 350 650 850 [ 350 650 850 | 350 650 850
B to PGEN 600 1000 1450 | 600 1000 1450 | 600 1000 1450
CLK to PARERR 300 550 850 300 550 850 | 300 550 850
ts Setup Time ps
SHIFT 400 150 400 150 400 150
S-IN 300 50 300 50 300 50
HOLD 750 350 750 350 750 350
EN 500 250 500 250 500 250
EV/OD 1300 850 1300 850 1300 850
BPAR 1300 850 1300 850 1300 850
B 1700 1100 1700 1100 1700 1100
th Hold Time ps
SHIFT 200 -150 200 -150 200 -—150
S-IN 300 -50 300 -50 300 -50
HOLD 100 -350 100 -350 100 -350
EN 100 -250 100 -250 100 -250
EV/OD -200 -850 -200 -850 -200 -850
BPAR -200 -850 —-200 -850 —200 -850
B -300 -1100 -300 -1100 —-300 -1100
tr Rise/Fall Times ps
tf 20 - 80% 300 700 1100 | 300 700 1100 | 300 700 1100
ECLinPS and ECLInPS Lite 2-71 MOTOROLA
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Programmable Delay Chip

The MC10E/100E195 is a programmable delay chip (PDC) designed
primarily for clock de-skewing and timing adjustment. It provides variable
delay of a differential ECL input transition.

The delay section consists of a chain of gates organized as shown in
the logic symbol. The first two delay elements feature gates that have
been modified to have delays 1.25 and 1.5 times the basic gate delay of
approximately 80 ps. These two elements provide the E195 with a
digitally-selectable resolution of approximately 20 ps. The required
device delay is selected by the seven address inputs D[0:6], which are
latched on chip by a high signal on the latch enable (LEN) control.

Because the delay programmability of the E195 is achieved by purely
differential EGL gate delays the device will operate at frequencies of >1.0
GHz while maintaining over 600 mV of output swing.

The E195 thus offers very fine resolution, at very high frequencies, that
is selectable entirely from a digital input allowing for very accurate system
clock timing.

An eighth latched input, D7, is provided for cascading multiple PDC’s
for increased programmable range. The cascade logic allows full control
of multiple PDC’s, at the expense of only a single added line to the data
bus for each additional PDC, without the need for any external gating.

MC10E195
MC100E195

PROGRAMMABLE
DELAY CHIP

-

FN SUFFIX
PLASTIC PACKAGE
CASE 776-02

D2 D3 D4 D5 D6 D7 NC
M M M M M M

25 24 23 22 20 20 19
26| D1 NC 18]
[27| po ne 17[]
Veg 16
Cles) Len Pinout: cc :l
[ 11 Vee 28-Lead PLCC Veeo 15 ]
(Top View)
Oofmw a14[]
Os| W Q13(]
[ 4| ves veco 12{]
5 6 7 8 9 10 1
e Y Y % &
N =z
coNENEZE BB
5T S B
n 8 2 2
w
o &)

e 2.0ns Worst Case Delay Range
e =20ps/Delay Step Resolution
e >1.0GHz Bandwidth
e On Chip Cascade Circuitry
e Extended 100E VEE Range of —4.2 to —5.46V
e 75KQ Input Pulldown Resistors
PIN NAMES
Pin Function
INAN Signal Input
EN Input Enable
D[0:7] Mux Select Inputs
Q/Q Signal Output
LEN Latch Enable
SET MIN Min Delay Set
SET MAX Max Delay Set
CASCADE Cascade Signal
LOGIC DIAGRAM — SIMPLIFIED
Vs 4—4—
IN
IN

[=1f=}

_k CASCADE
CASCADE

CASCADE
LEN
SETMIN ————— 7 BIT LATCH LATCH
SET MAX | D
DO D1 D2 D3 D5 D6 D7
* DELAYS ARE 25% OR 50% LONGER THAN
STANDARD (STANDARD =~ 80 PS)
12/93
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MC10E195 MC100E195

DC CHARACTERISTICS (VEE = VEE(min) to VEE(Max); VGG = VGCOo = GND)

0°C 25°C 85°C
Symbol Characteristic Min | Typ | Max | Min Typ | Max [ Min | Typ | Max Unit | Condition
IiH Input HIGH Current 150 150 150 HA
IEE Power Supply Current mA
10E 130 156 130 156 130 156
100E 130 156 130 156 150 179
AC CHARACTERISTICS (VEE = VEE(mIn) to VEE(max); Vcc = Vcco = GND)
0°C 25°C 85°C
Symbol Characteristic Min Typ | Max | Min Typ Max | Min Typ | Max Unit Notes
tPLH Propagation Delay ps
tPHL INtoQ; Tap=0 1210 | 1360 | 1510 | 1240 | 1390 | 1540 | 1440 | 1590 | 1765
INto Q; Tap = 127 3320 | 3570 | 3820 | 3380 | 3630 | 3880 | 3920 | 4270 | 4720
ENtoQ; Tap=0 1250 | 1450 | 1650 | 1275 | 1475 | 1675 | 1350 | 1650 | 1950
D7 to CASCADE 300 | 450 | 700 [ 300 | 450 | 700 | 300 | 450 | 700
tRANGE | Programmable Range ps
tpp (max) —tpp (min) | 2000 | 2175 2050 | 2240 2375 | 2580
At Step Delay ps 6
DO High 17 17.5 21
D1 High 34 35 42
D2 High 55 68 105 55 70 105 65 84 120
D3 High 115 136 180 115 140 180 140 168 205
D4 High 250 272 325 250 280 325 305 336 380
D5 High 505 544 620 515 560 620 620 672 740
D6 High 1000 | 1088 | 1190 | 1030 | 1120 | 1220 | 1240 | 1344 | 1450
Lin Linearity D1 DO D1 Do D1 Do 7
tSKEW Duty Cycle Skew ps
tPHL-tPLH +30 +30 +30 1
ts Setup Time ps
Dto LEN 200 0 200 0 200 0
DtoIN 800 800 800 2
ENtoIN 200 200 200 3
th Hold Time ps
LENto D 500 250 500 250 500 250
INto EN 0 0 0 4
R Release Time ps
ENtoIN 300 300 300 5
SET MAX to LEN 800 800 800
SET MIN to LEN 800 ’ 800 800
i Jitter <5.0 <5.0 <5.0 ps 8
tr Output Rise/Fall Time ps
t 20-80% (Q) 125 225 325 125 225 325 125 225 325
20-80% (CASCADE) 300 | 450 | 650 | 300 | 450 | 650 | 300 | 450 | 650

. Duty cycle skew guaranteed only for differential operation measured from the cross point of the input to the cross point of the output.

. This setup time defines the amount of time prior to the input signal the delay tap of the device must be set.

. This setup time is the minimum time that EN must be asserted prior to the next transition of IN/IN to prevent an output response greater than

75 mV to that IN/IN transition. . .

4. This hold time is the minimum time that EN must remain asserted after a negative going IN or positive going IN to prevent an output response
greater than 75 mV to that IN/IN transition. o

5. This release time is the minimum time that EN must be deasserted prior to the next IN/IN transition to ensure an output response that meets
the specified IN to Q propagation delay and transition times.

6. Specification limits represent the amount of delay added with the assertion of each individual delay control pin. The various combinations of
asserted delay control inputs will typically realize DO resolution steps across the specified programmable range.

7. The linearity specification guarantees to which delay control input the programmable steps will be monotonic (i.e. increasing delay steps for
increasing binary counts on the control inputs Dn). Typically the device will be monotonic to the DO input, however under worst case conditions
and process variation, delays could decrease slightly with increasing binary counts when the DO input is the LSB. With the D1 input as the LSB
the device is guaranteed to be monotonic over all specified environmental conditions and process variation.

8. The jitter of the device is less than what can be measured without resorting to very tedious and specialized measurement techniques.

W =
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MC10E195 MC100E195

ADDRESS BUS (A0-A6)
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Figure 1. Cascading Interconnect Architecture
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Cascading Multiple E195’s

To increase the programmable range of the E195 internal
cascade circuitry has been included. This circuitry allows for
the cascading of multiple E195’s without the need for any
external gating. Furthermore this capability requires only one
more address line per added E195. Obviously cascading
multiple PDC’s will result in a larger programmable range
however this increase is at the expense of a longer minimum
delay.

Figure 1 illustrates the interconnect scheme for cascading
two E195’s. As can be seen, this scheme can easily be
expanded for larger E195 chains. The D7 input of the E195 is
the cascade control pin. With the interconnect scheme of
Figure 1 when D7 is asserted it signals the need for a larger
programmable range than is achievable with a single device.

An expansion of the latch section of the block diagram is
pictured below. Use of this diagram will simplify the
explanation of how the cascade circuitry works. When D7 of
chip #1 above is low the cascade output will also be low while
the cascade bar output will be a logical high. In this condition
the SET MIN pin of chip #2 will be asserted and thus all of the
latches of chip #2 will be reset and the device will be set at its
minimum delay. Since the RESET and SET inputs of the
latches are overriding any changes on the AO—A6 address bus
will not affect the operation of chip #2.

TO SELECT MULTIPLEXERS

Chip #1 on the other hand will have both SET MIN and SET
MAX de-asserted so that its delay will be controlled entirely by
the address bus A0-AG. If the delay needed is greater than
can be achieved with 31.75 gate delays (1111111 on the
A0-A6 address bus) D7 will be asserted to signal the need to
cascade the delay to the next E195 device. When D7 is
asserted the SET MIN pin of chip #2 will be de-asserted and
the delay will be controlled by the AO—-A6 address bus. Chip #1
on the other hand will have its SET MAX pin asserted resulting
in the device delay to be independent of the A0O-A6 address
bus.

When the SET MAX pin of chip #1 is asserted the DO and D1
latches will be reset while the rest of the latches will be set. In
addition, to maintain monotonicity an additional gate delay is
selected in the cascade circuitry. As a result when D7 of chip
#1 is asserted the delay increases from 31.75 gates to 32
gates. A 32 gate delay is the maximum delay setting for the
E195.

To expand this cascading scheme to more devices one
simply needs to connect the D7 input and CASCADE outputs
ofthe current most significant E195 to the new most significant
E195 in the same manner as pictured in Figure 1. The only
addition to the logic is the increase of one line to the address
bus for cascade control of the second PDC.

BITO BIT1 BIT2 BIT3

BIT4

BITS BIT6 BIT7

)
N | ol

| ol =l

CASCADE
— Do Qo D1 Qi — D2 Q2 D3 Q3 D4 Q4 D5 Q5 V—E
D6 el D7 Q7| CASCADE
—]LEN —LEN — LEN — LEN — LEN — LEN —{ LEN —{ LEN
Reset Reset Reset Reset Reset Reset Reset Reset Reset Reset Reset Reset Reset Reset Re;et Reset,
o1 L T1 | | | |
SET MAX
Figure 2. Expansion of the Latch Section of the E195 Block Diagram
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Programmable Delay Chip

The MC10E/100E196 is a programmable delay chip (PDC) designed
primarily for very accurate differential ECL input edge placement
applications.

The delay section consists of a chain of gates and a linear ramp delay
adjust organized as shown in the logic symbol. The first two delay
elements feature gates that have been modified to have delays 1.25 and
1.5 times the basic gate delay of approximately 80 ps. These two
elements provide the E196 with a digitally-selectable resolution of
approximately 20 ps. The required device delay is selected by the seven
address inputs D[0:6], which are latched on chip by a high signal on the
latch enable (LEN) control.

The FTUNE input takes an analog voltage and applies it to an internal
linear ramp for reducing the 20 ps resolution still further. The FTUNE input
is what differentiates the E196 from the E195.

An eighth latched input, D7, is provided for cascading multiple PDC’s
for increased programmable range. The cascade logic allows full control
of multiple PDC'’s, at the expense of only a single added line to the data
bus for each additional PDC, without the need for any external gating.

MC10E196
MC100E196

PROGRAMMABLE
DELAY CHIP

L

FN SUFFIX
PLASTIC PACKAGE
CASE 776-02

o 2.0ns Worst Case Delay Range
o =20ps/Delay Step Resolution
o Linear Input for Tighter Resolution
e >1.0GHz Bandwidth
o On Chip Cascade Circuitry
o Extended 100E VEE Range of —4.2 to —-5.46V
o 75KQ Input Pulldown Resistors
PIN NAMES
Pin Function
INAN Signal Input
EN Input Enable
D[0:7] Mux Select Inputs
QQ Signal Output
LEN Latch Enable
SET MIN Min Delay Set
SET MAX Max Delay Set
CASCADE Cascade Signal
FTUNE Linear Voltage Input
LOGIC DIAGRAM - SIMPLIFIED
VBB <—l—

FTUNE

N
IN

EN Q
Q
LINEAR
CASCADE | RAMP
LEN —————
SETMIN —————— 7 BIT LATCH LATCH
SET MAX | D
CASCADE
CASCADE
DO D2 D3 D4 D5 D6 D7
* DELAYS ARE 25% OR 50% LONGER THAN
STANDARD (STANDARD = 80 PS)
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MC10E196 MC100E196

Pinout: 28-Lead PLCC (Top View)

D2 D3 D4 D5 D6 D7 NC
M M M ;M
25 24 23 2 21 2 19
D1 [2s 18 [] FTUNE
po [Jor 7{INe
1en [os 16 [J Vo
veelt 15 [1Veco
N[ wlla
N s 13]]Q
vea[]4 12[1Veco
5 6 7 8 9 10 0
TS 2% 3 2
NC NC EN £ g ==
@ 3B
DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)
0°C 25°C 85°C
Symbol Characteristic Min | Typ | Max | Min | Typ | Max | Min | Typ | Max Unit | Condition
IiH Input HIGH Current 150 150 150 pA
IEE Power Supply Current mA
10E 130 156 130 156 130 156
100E 130 156 130 156 150 179
AC CHARACTERISTICS (VEE = VEE(mIn) to VEE(max); Ve = Voco = GND)
0°C 25°C 85°C
Symbol Characteristic Min | Typ | Max | Min Typ | Max | Min | Typ | Max Unit Notes
tPLH Propagation Delay ps
tPHL INtoQ; Tap=0 1210 | 1360 | 1510 | 1240 | 1390 | 1540 | 1440 | 1590 | 1765
INto Q; Tap =127 3320 | 3570 | 3820 | 3380 | 3630 | 3880 | 3920 | 4270 | 4720
ENtoQ; Tap=0 1250 | 1450 | 1650 | 1275 | 1475 | 1675 | 1350 | 1650 | 1950
D7 to CASCADE 300 | 450 | 700 | 300 | 450 | 700 | 300 | 450 | 700
tRANGE | Programmable Range ps
tpp (max) —tpp (min) | 2000 | 2175 2050 | 2240 2375 | 2580
At Step Delay ps 6
DO High 17 175 21
D1 High 34 35 42
D2 High 55 68 105 55 70 105 65 84 120
D3 High 115 136 | 180 115 140 180 | 140 168 | 205
D4 High 250 | 272 | 325 | 250 | 280 | 325 | 305 | 336 | 380
D5 High 505 544 620 515 560 620 620 672 740
D6 High 1000 | 1088 | 1190 | 1030 | 1120 | 1220 | 1240 | 1344 | 1450
Lin Linearity D1 Do D1 DO D1 DO 7
tSKEW Duty Cycle Skew ps
tPHL-tPLH +30 +30 +30 1
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MC10E196 MC100E196

AC CHARACTERISTICS (continued) (VEg = VEE(min) to VEE(max); Vcc = Vcco = GND)

0°C 25°C 85°C

Symbol Characteristic Min Typ | Max | Min Typ Max | Min Typ | Max Unit Notes
ts Setup Time ps

DtoLEN 200 0 200 0 200 0

DtolIN 800 800 800 2

ENtoIN 200 200 200 3
th Hold Time ps

LENtoD 500 | 250 500 | 250 500 | 250

IN to EN 0 0 0 4
tR Release Time ps

ENtoIN 300 300 300 5

SET MAX to LEN 800 800 800

SET MIN to LEN 800 800 800
tiit Jitter <5.0 <5.0 <5.0 ps 8
tr Output Rise/Fall Time ps
t 20-80% (Q) 125 | 225 | 325 125 | 225 325 125 | 225 325

20-80% (CASCADE) 300 | 450 | 650 | 300 | 450 650 300 | 450 | 650

W=

PROPAGATION DELAY (ps)

. Duty cycle skew guaranteed only for differential operation measured from the cross point of the input to the cross point of the output.
. This setup time defines the amount of time prior to the input signal the delay tap of the device must be set.
. This setup time is the minimum time that EN must be asserted prior to the next transition of IN/IN to prevent an output response greater than

+75mV to that IN/IN transition.

. This hold time is the minimum time that EN must remain asserted after a negative going IN or positive going IN to prevent an output response

greater than £75 mV to that IN/IN transition.

. This release time is the minimum time that EN must be deasserted prior to the next IN/IN transition to ensure an output response that meets

the specified IN to Q propagation delay and transition times.

. Specification limits represent the amount of delay added with the assertion of each individual delay control pin. The various combinations of

asserted delay control inputs will typically realize DO resolution steps across the specified programmable range.

. The linearity specification guarantees to which delay control input the programmable steps will be monotonic (i.e. increasing delay steps for

increasing binary counts on the control inputs Dn). Typically the device will be monotonic to the DO input, however under worst case conditions
and process variation, delays could decrease slightly with increasing binary counts when the DO input is the LSB. With the D1 input as the LSB
the device is guaranteed to be monotonic over all specified environmental conditions and process variation.

. The jitter of the device is less than what can be measured without resorting to very tedious and specialized measurement techniques.

ANALOG INPUT CHARACTERISTICS
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MC10E196 MC100E196

USING THE FTUNE ANALOG INPUT

The analog FTUNE pin on the E196 device is intended to
enhance the 20 ps resolution capabilities of the fully digital
E195. The level of resolution obtained is dependent on the
number of increments applied to the appropriate range on the
FTUNE pin.

To provide another level of resolution the FTUNE pin must
be capable of adjusting the delay by greater than the 20 ps
digital resolution. From the provided graphs one sees that this
requirement is easily achieved as over the entire FTUNE
voltage range a 100 ps delay can be achieved. This extra
analog range ensures that the FTUNE pin willbe capable even
under worst case conditions of covering the digital
resolution.Typically the analog input will be driven by an
external DAC to provide a digital control with very fine analog
output steps. The final resolution of the device will be
dependent on the width of the DAC chosen.

To determine the voltage range necessary for the FTUNE
input, the graphs provided should be used. As an example ifa
range of 40 ps is selected to cover worst case conditions and
ensure coverage of the digital range, from the 100E196 graph
avoltage range of —3.25 Vto—4.0 V would be necessary on the
FTUNE pin. Obviously there are numerous voltage ranges
which can be used to cover a given delay range, users are
given the flexibility to determine which one best fits their
designs.

Cascading Multiple E196’s

To increase the programmable range of the E196 internal
cascade circuitry has been included. This circuitry allows for
the cascading of multiple E196's without the need for any
external gating. Furthermore this capability requires only one
more address line per added E196. Obviously cascading
multiple PDC’s will result in a larger programmable range,
however, this increase is at the expense of a longer minimum
delay.

Figure 1 illustrates the interconnect scheme for cascading
two E196's. As can be seen, this scheme can easily be

expanded for larger E196 chains. The D7 input of the E196 is
the cascade control pin. With the interconnect scheme of
Figure 1 when D7 is asserted it signals the need for a larger
programmable range than is achievable with a single device.

An expansion of the latch section of the block diagram is
pictured below. Use of this diagram will simplify the
explanation of how the cascade circuitry works. When D7 of
chip #1 above is low the cascade output will also be low while
the cascade bar output will be a logical high. In this condition
the SET MIN pin of chip #2 will be asserted and thus all of the
latches of chip #2 will be reset and the device will be set at its
minimum delay. Since the RESET and SET inputs of the
latches are overriding any changes on the AO—A6 address bus
will not affect the operation of chip #2.

Chip #1 on the other hand will have both SET MIN and SET
MAX de-asserted so that its delay will be controlled entirely by
the address bus A0-A6. If the delay needed is greater than
can be achieved with 31.75 gate delays (1111111 on the
AO-A6 address bus) D7 will be asserted to signal the need to
cascade the delay to the next E196 device. When D7 is
asserted the SET MIN pin of chip #2 will be de-asserted and
the delay will be controlled by the AO—A6 address bus. Chip #1
on the other hand will have its SET MAX pin asserted
resulting in the device delay to be independent of the AO-A6
address bus.

Whenthe SET MAX pin of chip #1 is asserted the DOand D1
latches will be reset while the rest of the latches will be set. In
addition, to maintain monotonicity an additional gate delay is
selected in the cascade circuitry. As a result when D7 of chip

. #1 is asserted the delay increases from 31.75 gates to 32

gates. A 32 gate delay is the maximum delay setting for
the E196.

When cascading multiple PDC’s it will prove more cost
effective to use a single E196 for the MSB of the chain while
using E195 for the lower order bits. This is due to the fact that
only one fine tune input is needed to further reduce the delay
step resolution.

ADDRESS BUS (A0-A6)

A7

LINEAR
INPUT
—
N ® < 1 ©
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o T e T e T e T e B e B e | =]
ag83888s8 5
L{{D1 FTUNE
—{]Do
. E196 E196 v
LEN Chip #1 Chip #2 ce
Ovee Ve
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Figure 1. Cascading Interconnect Architecture
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MC10E196 MC100E196

TO SELECT MULTIPLEXERS

£}

BITO J BIT 1 J BIT2 J BIra J BIT4 _l BITS J BIT6 ‘! BIT7
ASCADE
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Ds Qg D7 Q7

CASCADE
— LEN —{LEN ~— LEN — LEN — LEN — LEN — LEN —1 LEN
Reset Reset Reset Reset Reset Reset Reset Reset Reset Reset Reset Reset Reset Reset Reset Reset
servm—| L | | | | L | |
SET MAX
Figure 2. Expansion of the Latch Section of the E196 Block Diagram
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Advance Information
Data Separator MC10E197

The MC10E197 is an integrated data separator designed for use in
high speed hard disk drive applications. With data rate capabilities of up
to 50Mb/s the device is ideally suited for today’s and future
state-of-the-art hard disk designs.

The E197 is typically driven by a pulse detector which reads the
magnetic information from the storage disk and changes it into ECL
pulses. The device is capable of operating on both 2:7 and 1:7 RLL DATA SEPARATOR
coding schemes. Note that the E197 does not do any decoding but rather
prepares the disk data for decoding by another device.

For applications with higher data rate needs, such as tape drive
systems, the device accepts an external VCO. The frequency capability
of the integrated VCO is the factor which limits the device to 50Mb/s.

A special anti-equivocation circuit has been employed to ensure timely
lock-up when the arriving data and VCO edges are coincident.

Unlike the majority of the devices in the ECLInPS family, the E197 is
available in only 10H compatible ECL. The device is available in the

standard 28-lead PLCC. L

Since the E197 contains both analog and digital circuitry, separate
supply and ground pins have been provided to minimize noise coupling FN SUFFIX
inside the device. The device can operate on either standard negative PL“ESA";';% ';{;g';gGE

ECL supplies or, as is more common, on positive voltage supplies.

2:7 and 1:7 RLL Format Compatible

Fully Integrated VCO for 50Mb/s Operation

External VCO Input for Higher Operating Frequency
Anti-equivocation Circuitry to Ensure PLL Lock

LOGIC DIAGRAM

RDEN

PHASE FREQUENCY
DETECTOR

REFCLK

CAP1_° | INTERNAL

cAPe | VCO CHARGE [—— PuMPUP
VCOIN ——— PuMP
CURRENT- l— pumPDN
EXTVCO SOURCES v
DATA —— RSETUP
ENVCO PHASE
RAWD DETECTOR RSETON
S —— RDATA
ACOF | AcquisiTiON Cﬁ?ﬁ&
TYPE CIRCUITRY BUFFER |—— RDCLK

This document contains information on a new product. Specifications and information herein are subject to
change without notice.
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MC10E197

Pinout: 28-Lead PLCC (Top View)
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PIN DESCRIPTIONS

REFCLK Reference clock equivalent to one clock cycle per decoding window.

RDEN Enable data synchronizer when HIGH. When LOW enable the phase/frequency detector steered by REFCLK.

RAWD Data Input to Synchronizer logic.

VCOIN VCO control voltage input

CAP1/CAP2 VCO frequency controlling capacitor inputs

ENVCO VCO select pin. LOW selects the internal VCO and HIGH selects the external VCO input. Pin floats LOW when left open.

EXTVCO External VCO pin selected when ENVCO is HIGH

ACQ Acquisition circuitry select pin. This pin must be driven HIGH at the end of the data sync field for some sync field types.

TYPE Selects between the two types of commonly used sync fields. When LOW it selects a sync field interspersed with 3 zeroes
(2:7 RLL code). When HIGH it selects a sync field interspersed with 2 zeroes (1:7 RLL code).

TEST Input included to initialize the clock flip-flop for test purposes only. Pin should be left open (LOW) in actual application.

PUMPUP Open collector charge pump output for the signal pump

PUMPDN Open collector charge pump output for the reference pump

RSETUP Current setting resistor for the signal pump

RSETDN Current setting resistor for the reference pump

RDATA Synchronized data output

RDCLK Synchronized clock output

Vee: Veco. Most positive supply rails. Digital and analog supplies are independent on chip

Veeveo

VEE, VEEVCO Most negative supply rails. Digital and analog supplies are independent on chip
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DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vo = GND or Vgc = 4.75V to 5.25V; VEE = GND)

0°C 25°C 85°C
Symbol Characteristic min  typ max [ min typ max | min typ max | Unit | Condition
IiH Input HIGH Current 150 150 150 HA 1
IR Input LOW Current 0.5 0.5 0.5 HA 1
IEE Power Supply Current 90 150 180 90 150 180 90 150 180 mA
ISET Charge Pump Bias Current 0.5 5 0.5 5 0.5 5 mA 2
louT Charge Pump Output 1 1 1 nA 3
Leakage Current
VACT PUMPUP/PUMPDN Vce-25 Vee | Vec—-25 Vce | Vec-25 Vce v
Active Voltage Range
10H LOGIC LEVELS
DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); VCC = VCcO + VCco1 = Veevco = GND)
0°C 25°C 85°C
Symbol Characteristic min typ max min typ max min typ max | Unit | Condition
VoH Output HIGH Voltage -1020 -840 | —980 -810 | —910 -720 [ mV
VoL Output LOW Voltage -1950 -1630 | —1950 -1630 | ~1950 -1595 | mV
VIH Input HIGH Voltage -1170 -840 | -1130 —-810 | —1060 =720 | mV
viL Input LOW Voltage -1950 ~1480 | -1950 -1480 | -1950 -1445 | mv

POSITIVE EMITTER COUPLED LOGIC LEVELS
DC CHARACTERISTICS (VEE = VEEVCO = GND; Vcc = Veco1 = VoovCeOo = +5 volts®)

0°C 25°C 85°C
Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
VOH Output HIGH Voltage 3980 4160 | 4020 4190 | 4090 4280 | mV
VoL Output LOW Voltage 3050 3370 | 3050 3370 | 3050 3405 | mV
ViH Input HIGH Voltage 3830 4160 | 3870 4190 | 3940 4280 | mV
VIL Input LOW Voltage 3050 3520 | 3050 3050 | 3050 3555 | mV

1. *VoH and Vo levels will vary 1:1 with Voo
AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vo = GND or Vo = 4.75V to 5.25V; VEE = GND)

0°C 25°C 85°C
Symbol Characteristic min max min max min max | Unit | Condition
ts Time from RDATA Valid to Tvco — 550 Tyco - 500 Tyco —500 ps 4,7
Rising Edge of RDCLK
ty Time from Rising Edge of Tvco Tvco Tvco ps 4,7
RDCLK to RDATA invalid
tSKEW Skew Between RDATA and 300 300 300 ps
RDATA
fvco Frequency of the VCO 150 150 150 MHz
Tuning Ratio 1.53 1.87 1.53 1.87 1.53 1.87
1. Applies to the input current for each input except VCOIN
2. For a nominal set current of 3.72mA, the resistor values for RSETUP and RSETDN should be 130(0.1%). Assuming no variation between
these two resistors, the current match between the PUMPUP and PUMPDN output signals should be within £3%. ISgT is calculated as (VEg+
1.3v - VBE)/R; where R is RSETUP or RSETDN and a nominal value for Vg is 0.85 volts.
3. Output leakage current of the PUMPUP or PUMPDN output signals when at a LOW level.
4. TycQ is the period of the VCO.
5. The VCO frequency determined with VCOIN = VEE + 0.5 volts and using a 10pF tuning capacitor.
6. Thetuningratioisdefinedasthe ratiooffycomaxto Fvcominwherefycomaxis measuredatVCOIN=1.3V+Vggandfycomaxismeasured

at VCOIN = 2.6V + VEE.
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APPLICATIONS INFORMATION
General Operation

Operation

The E197 is a phase-locked loop circuit consisting of an
internal VCO, a Data Phase detector with associated
acquisition circuitry, and a Phase/Frequency detector (Figure
1). In addition, an enable pin(ENVCO) is provided to disable
the internal VCO and enable the external VCO input. Hence,
the user has the option of supplying the VCO signal.

The E197 contains two phase detectors: a data phase
detector for synchronizing to the non-periodic puises in the
read data stream during the data read mode of operation, and
aphase/ frequency detectorfor frequency (and phase) locking
to an external reference clock during the “idle” mode of
operation. The read enable (RDEN) pin muxes between these
two detectors.

Data Read Mode

The data pins (RAWD) are enabled when the RDEN pin is
placed at a logic high level, thus enabling the Data Phase
detector (Figure1) and initiating the data read mode. In this
mode, the loop is servoed by the timing information taken from
the positive edges of the input data pulses. This phase
detector samples positive edges from the RAWD signal and
generates both a pump up and pump down pulse from any
edge of the input data pulse. The leading edge of the pump up
pulse is time modulated by the leading edge of the data signal,
whereas the rising edge of the pump up pulse is generated
synchronous to the VCO clock. The falling edge of the pump
down pulse is synchronous to the falling edge of the VCO
clock and the rising edge of the pump down signal is
synchronous to the rising edge of the VCO clock. Since both
edges of the VCO are used the internal clock a duty cycle of
50%. This pulse width modulation technique is used to
generate the servoing signal which drives the VCO. The pump
down signal is a reference puise which is included to provide
an evenly balanced differential system, thereby allowing the
synthesis of a VCO input control signal after appropriate signal
processing by the loop filter.

By using suitable external filter circuitry, a control signal for
input into the VCO can be generated by inverting the pump
down signal, summing the inverted signal with the pump up
signal and averaging the result. The polarity of this control
signal is defined as zero when the data edges lead the clock
by a half clock cycle. If the data edges are advanced with
respect to the zero polarity data/VCO edge relationship, the
control signal is defined to have a negative polarity; whereas
if the VCO is advanced with respect to the zero polarity
data/VCO edge relationship, the control signal is defined to
have a positive polarity. If there is no data edge present at the
RAWD input, the corresponding pump up and pump down
outputs are not generated and the resulting control output is
zero.

Acquisition Circuitry

The acquisition circuitry is provided to assist the data phase
detector in phase locking to the sync field that precedes the
data. For the case in which lock-up is attempted when the data
edges are coincident with the VCO edges, the pump down
signal may enter an indeterminate state for an unacceptably
long period due to the violation of internal set up and hold
times. After an initial pump down pulse, the circuit blocks
successive pump down pulses, and inserts extra pump up
pulses, during portions of the sync field that are known to
contain zeros. Thus, the data phase detector is forced to have
a nonzero output during the lock-up period, and the restoring
force ensures correction of the loop within an acceptable time.
Hence, this circuitry provides a quasi-deterministic pump
down output signal, under the condition of coincident data and
VCO edges, allowing lock-up to occur with excessive delays.

The ACQ line is provided to disable (disable = HIGH) the
acquisition circuit during the data portion of a sector block.
Typically, this circuit is enabled at the beginning of the sync
field by a one-shot timer to ensure a timely lock-up.

The TYPE line allows the choice between two sync field
preamble types; transitions interspersed with two zeros
between transitions. These types of sync fields are used with
the 1:7 and 2:7 coding schemes, respectively.
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Idle Mode

Inthe absence of data or when the drive is writing to the disk,
PLL servoing is accomplished by pulling the read enable line
(RDEN) low and providing a reference clock via the REFCLK
pins. The condition whereby RDEN is low selects the
Phase/Frequency detector (Figure 1) and the 10E197 is said
to be operating in the “idle mode”. In order to function as a
frequency detector the input waveform must be periodic. The
pump up and pump down pulses from the Phase/Frequency
detector will have the same frequency, phase and pulse width
only when the two clocks that are being compared have their
positive edges aligned and are of the same frequency.

As with the data phase detector, by using suitable external
filter circuitry, a VCO input control signal can be generated by
inverting the pump down signal, summing the inverted signal
with the pump up signal and averaging the result. The polarity

of this control signal is defined as zero when all positive edges
of both clocks are coincident. For the case in which the
frequencies of the two clocks are the same but the clock edges
of the reference clock are slightly advanced with respect to the
VCO clock, the control clock is defined to have a positive
polarity. A control signal with negative polarity occurs when
the edges of the reference clock are delayed with respect to
those of the VCO. If the frequencies of the two clocks are
different, the clock with the most edges per unit time will initiate
the most pulses and the polarity of the detector will reflect the
frequency error. Thus, when the reference clock is high in
frequency than the VCO clock the polarity of the control signal
is positive; whereas a control signal with negative polarity
occurs when the frequency of the reference clock is lower than
the VCO clock.

Phase-Lock Loop Theory

Introduction PHASE Veo
F; O—#| DETECTOR |—p) LOO';FS')LTEH_> Ko oF,
Phase lock loop (PLL) circuits are fundamentally feedback K s

systems used to synchronize the frequency of an oscillator to
an incoming signal. In addition to frequency synchronization,
the PLL circuitry is designed to minimize the phase difference
between the system input and output signals. A block diagram
of a feedback control system is shown in Figure 1.

where:
A(s) is the product of the feed-forward transfer functions.

+ X
Xi6) o g 0,9

Figure 1. Feedback System

B(s) is the product of the feedback transfer functions.

The transfer function for this closed loop system is

Xols) Afs)
Xis) 1 +As)B(s)

Typically, phase lock loops are modeled as feedback
systems connected in a unity feedback configuration (B(s)=1)
with a phase detector, a VCO (voltage controlied oscillator),
and a loop filter in the feed-forward path, A(s). Figure 2
illustrates a phase lock loop as a feedback control system in
block diagram form.

T

Figure 2. Phase Lock Loop Block Diagram

The closed loop transfer function is:
Ko
X _ 2 Fe
Xi(s) 1+ K @ F(s)

where:
Ko= the phase detector gain.
Ko= the VCO gain. Since the VCO introduces a
pole at the origin of the s-plane, K is divided
by s.
F(s) = the transfer function of the loop filter.

The 10E197 is designed to implement the phase detector
and VCO functions in a unity feedback loop, while allowing the
user to select the desired filter function.

Gain Constants

As mentioned, each of the three sections in the phase lock
loop block diagram has an associated open loop gain
constant. Further, the gain constant of the filter circuitry is
composed of the product of three gain constants, one for each
filter subsection. The open loop gain constant of the
feed-forward path is given by

Kot = K¢ * Ko * K1 * K| * Ky eqt. 1
and obtained by performing a root locus analysis.
Phase Detector Gain Constant

The gain of the phase detector is a function of the operating
mode and the data pattern. The 10E197 provides data
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separation for signals encoded in 2:7 or 1:7 RLL encoding
schemes; hence, Tables 1 and 2 are coding tables for these
schemes. Table 3 lists nominal phase detector gains for both

2:7 and 1:7 sync fields.

NRZ Data Sequence Code Sequence
00 1000
01 0100
100 001000
101 100100
m 000100
1100 00001000
1101 00100100

Table 1. 2:7 RLL Encoding Table

NRZ Data Sequence Code Sequence
00 X01
01 010
10 X00
1100 010001
1101 X00000
1110 X00001
1M 010000

An X in the leading bit of a code sequence is assigned the

complement of the bit

Table 2. 1:7 RLL Encoding Table

MC10E197

Kic = K1 * K1 * K¢ eqt. 2
The individual gain constants are defined in the appropriate
subsections of this document.

Loop Filter

The two major functions of the loop filter are to remove any
noise or high frequency components present in the phase
detector output signal and, more importantly, to control the
characteristics which determine the dynamic response of the
phase lock loop; i.e. capture range, loop bandwidth, capture
time, and transient response.

Although a variety of loop filter configurations exist, this
section will only describe a filter capable of performing the
signal processing as described in the Data Read Mode and
the Idle Mode sections. The loop filter consists of a differential
summing amplifier cascaded with an augmenting integrator
which drives the VCOIN input to the 10E197 through a resistor
divider network (Figure 3).

The transfer function and the element values for the loop
filter are derived by dividing the filter into three cascaded
subsections: filter input, augmenting integrator, and the
voltage divider network (Figure 4).

Loop Filter Transfer Function

The open loop transfer function of the phase lock loop is the
product of each individual filter subsection, as well as the
phase detector and VCO. Thus, the open loop filter transfer
function is:

Sync Pattern Read Mode Idle Mode Fols) = Ko * L(Q *Fy(s) * Fi(s) * Fa(s)
¢ s
2:7 121 mV/radian 484 mV/radian
where:
1.7 161 mV/radian 483 mV/radian 1 1
F1(s) =K1 7 .
S+ 2.4 (2 + 02
Table 3. Phase Detector Gain Constants (s+p1)  [s2+( Sogy) s + 051]
VCO Gain Constant
The gain of the VCO is a function of the tuning capacitor. Fi(s) = K| * . (s+2)
For a value of 10pF a nominal value of the gain, Ko, is s [s2 + (2Lwgp) § + 025]
20MHz per volt.
Filter Circuitry Gain Constant(s) Fdl(s) = Kq* 1
The open loop gain constant of the filter circuitry is given by: (s +p2)
Ri Ry Ria Ra Ca
PUMPUPC J_ A AV A l
CIN - — Ry
I MC34182 MC34182 W\ ? o
+ +
VEEVCO Ro l
Ry R3 Co Vo
PUMPDN Dg
< Veeveo
CIN R1 —-
VEevco  VEEVCO
VEEVCO  Vceveo
Figure 3. Loop Filter Circuitry
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o-l FILTER AUGMENTNG .,J VOLTAGE |
i INPUT INTEGRATOR DIVIDER - .
Fits) Op=| NPT 1= MRS Pt || FlerF1(SFi(sFgls)

Figure 4. Loop Filter Block Diagram

A root locus analysis is performed on the open loop transfer
function to determine the final pole-zero locations and the
open loop gain constant for the phase lock loop. Note that the
open loop gain constant impacts the crossover frequency and
that a lower frequency crossover point means a much more
efficient filter. Once these positions and constants are
determined the component values may be calculated.

R4 Rt

Pumpup ()

VEEVCO

VEEVCO

<
=)
=

5
[=
=
3
[}
=
||+.—o

VEevco  VEEVCO Veeveo

Figure 5. Filter Input Sunsection

Filter Input

The primary function of the filter input subsection is to
convert the output of the phase detector into a single ended
signal for subsequent processing by the integrator circuitry.
This subsection consists of the 10E197 charge pump current
sinks, two shunt capacitors, and a differential summing
amplifier (Figure 5).

Hence, this portion of the filter circuit contributes a real pole
and two complex poles to the overall loop transfer function
F(s). Before these pole locations are selected, appropriate
values for the current setting resistors (RSETUP and
RSETDN) must be ascertained. The goal in choosing these
resistor values is to maximize the gain of the filter input
subsection while ensuring the charge pump output transistors
operate in the active mode. The filter input gain is maximized
for a charge pump current of 1.1mA; a value of 464Q for both
RSETUP and RSETDN yields a nominal charge pump current
of 1.1mA.

It should be noted that a dual bandwidth implementation
of the phase lock loop may be achieved by modifying the
current setting resistors such that an electronic switch
enables one of two resistor configurations. Figure 6 shows

a circuit configuration capable of providing this dual
bandwidth function. Analysis of the filter input circuitry yields
the transfer function:

1 1
Fi(s)=Kq* *
(s+p1)  [s2+(L0y) s +dy]
The gain constant is defined as:
Ki=Aq N eqt. 3
CIN '

where:

A{= op-amp gain constant for the
selected pole positions.

CIN = phase detector shunt capacitor.

The real pole is a function of the input resistance to the
op-amp and the shunt capacitors connected to the phase
detector output. For stability the real pole must be placed
beyond the unity gain frequency; hence, this pole is typically
placed midway between the unity crossover and phase
detector sampling frequency, which should be about ten
times greater.

RSETUP RSETDN

464Q

VEEVCO

ELEGTRONIC SWITCH

VEEVCO

Figure 6. Dual Bandwidth Current
Source Implementation

The second order pole set arises from the two pole model
for an op-amp. The open loop gain and the first open loop pole
for the op-amp are obtained from the data sheets. Typically,
op-amp manufacturers do not provide information on the
location of the second open loop pole; however, it can be
approximated by measuring the roll off of the op-amp in the
open loop configuration. The second pole is located where the
gain begins to decrease at a rate of 40dB per decade. The
inclusion of both poles in the differential summing amplifier
transfer function becomes important when closing the
feedback path around the op-amp because the poles migrate;
and this migration must be accounted for to accurately
determine the phase lock loop transient performance.

Typically the op-amp poles can be approximated by a pole
pair occurring as a complex conjugate pair making an angle
of 45° to the real axis of the complex frequency plane. Two
constraints on the selection of the op-amp pole pair are that
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the poles lie beyond the crossover frequency and they are
positioned for near unity gain operation. Performing a root
locus analysis on the op-amp open loop configuration and
adhering to the two constraints yields the pole positions
contributed by the op-amp.

Determination of Element Values

Since the difference amplifier is configured to operate as a
differential summer the resistor values associated with the
amplifier are of equal value. Further, the typical input
resistance to the summing amplifier is 1kQ; thus, the op-amp
resistors are set at 1 kQ. Having set the input resistance to the
op-amp and selected the position of the real pole, the value of
the shunt capacitors is determined using the following
relationship:

_ 1
|p1l—m eqt. 4

Augmenting Integrator

The augmenting integrator consists of an active filter with a
lag-lead network in the feedback path (Figure 7).

RiA Ra Ca

V'ch A —AA } :

W o
/ Vo2

Veeveo

Figure 7. Integrator Subsection

Analysis of this portion of the filter circuit yields the transfer
function:

(s+2)
[82 + (24wy0) S + ©2,5]

N
F1e) =K " ——
S

The gain constant is defined as:

MC10E197

a complex conjugate pair making an angle of 45° to the real
axis of the complex frequency plane; are positioned for near
unity gain operation; and are located beyond the crossover
frequency. Since both the summing and integrating op-amps
are realized by the same type of op-amp (MC34182D), the
open loop pole positions for both amplifiers will be the same.

Further, the loop transfer function contains two poles
located at the origin, one introduced by the integrator and the
other by the VCO; hence a zero is necessary to compensate
for the phase shift produced by these poles and ensure loop
stability. The op-amp will be stable if the crossover point
occurs before the transfer function phase angle becomes
180°. The zero should be positioned much less than one
decade before the unity gain frequency.

As in the case of the filter input circuitry, the poles and zero
from this analysis will be used as open loop poles and a zero
when performing the root locus analysis for the complete
system.

Determination of Element Values

The location of the zero is used to determine the element
values for the augmenting integrator. The value of the
capacitor, Ca, is selected to provide adequate charge storage
when the loop is not sampling data. A value of 0.1puF is
sufficient for most applications; this value may be increased
when the RDCLK frequency is much lower than 4 MHz. The
value of Ry is governed by:

lz)= — 1 eqt. 6
2nRACA q

For unity gain operation of the integrating op-amp the value of

RIA is selected such that:

Ria = Ra eqt. 7

It should be noted that although the zero can be tuned by
varying either Rp or Cp, caution must be exercised when
adjusting the zero by varying Cp because the integrator gainis
also a function of Ca. Further, the gain of the loop filter can be
adjusted by changing the integrator input resistor R|A.

Voltage Divider

The input range to the VCOIN input is from 1.3V + VEE to
2.6V + VEE; hence, the output from the augmenting amplifier
section must be attenuated to meet the VCOIN constraints. A
simple voltage divider network provides the necessary
attenuation (Figure 8).

Ki=A* eqt. 5
1=A] RIA q oy
where: ViN ©= Vv ! °
Aj= op-amp gain constant for selected pole positions. Ro
Ra = integrator feedback resistor. C4 Vo
Ria = integrator input resistor. b8
The integrator circuit introduces a zero, a pole at the origin, -
and a second order pole set as described by the two pole = = =
model for an op-amp. As in the case of the differential
summing amplifier, we assume the op-amp pole pair occur as Figure 8. Voltage Divider Subsection
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In addition, a shunt filter capacitor connected between the
VCOIN input pin and VEg provides the voltage divider
subsection with a single time constant transfer function that
adds a pole to the overall loop filter. The transfer function for
the voltage divider network is:

Fd(s) =Kd ™ ©+p2)

The gain constant, Ky, is defined as:
1
Ry Cd

Kd= eqt. 9

The value of Kq is easily extracted by rearranging Equation 1:

K=t — eqt. 10
Ko * Ko * K1 " K :

The gain constant Ky is set such that the output from the
integrator circuit is within the range 1.3V +VEg to 2.6V +VEE.

The pole for the voltage divider network should be positioned
an octave beyond that for the filter input.

Determination of Element Values

Once the pole location and the gain constant Kq are
established the resistor values for the voltage divider network
are determined using the design guidelines mentioned above
and from the following relationship:

Mg _Ro
21I¢|p2| - R0+RV

Having determined the resistor values, the filter capacitor is
calculated by rearranging Equation 9:

1
= — t. 9
Cd= "R, kg ed-a

Finally, a bias diode is included in the voltage divider network
to provide temperature compensation. The finite resistance of
this diode is neglected for these calculations.
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Calculations For a 2:7 Coding Scheme

Introduction

The circuitcomponent values are calculated for a 2:7 coding
scheme employing a data rate of 23Mbit/sec. Since the
number of bits is doubled when the data is encoded, the data
clock is at half the frequency of the RDCLK signal. Thus, the
operating frequency for these calculations is 46MHz. Further,
the pole and zero positions are a function of the data rate;
hence, the component values derived by these calculations
must be scaled if a different operating frequency is used.
Finally, it should be noted that the values are optimized for
settling time.

The analysis is divided into three parts: static pole
positioning, dynamic pole positioning, and dynamic zero
positioning. Dynamic poles and zeros are those which the
designer may position, to yield the desired dynamic response,
through the judicious choice of element values. Static poles
are not directly controlled by the choice of component values.

Static Poles

Each op-amp introduces a pair of “static” complex
conjugate poles which must lie beyond the crossover
frequency. As obtained from the data sheets and laboratory
measurements, the two open loop poles for the MC34182D
are:

P*g= —-0.1Hz
P*{p =—-11.2Hz

Performing a root locus analysis and following the two
guidelines previously stated, an acceptable pole set is:

P1a =-5.65 +j5.65MHz
P1p =-5.65-j5.65MHz

Both op-amps introduce a set of static complex conjugate
poles at these positions for a total of four poles. Further, the
loop gain for each op-amp associated with these pole
positions is determined from the root locus analysis to be:

A1=Ap=2.48 e151
\
In addition to the op-amps, the integrator and the VCO each
contribute a static pole at the origin. Thus, there are a total of
six static poles.

Dynamic Poles

The filter input and the voltage divider sections each
contribute a dynamic pole. As stated previously, the filter input
pole should be positioned midway between the unity
crossover point and the phase detector sampling frequency.
Hence, the open loop filter input pole position is selected as:

P*{ = —1.24MHz

The voltage divider pole is set approximately one octave
higher than the filter input pole. Thus the open loop voltage
divider pole position is picked to be:

P*p = — 2.57MHz
Dynamic Zero

Finally, the zero is positioned much less than one decade
before the crossover frequency; for this design the zero is
placed at:

z=-311Hz

Once the dynamic pole and zero positions have been
determined, the phase margin is determined using a Bode
plot; if the phase margin is not sufficient, the dynamic poles
may be moved to improve the phase margin. Finally, a root
locus analysis is performed to obtain the optimum closed loop
pole positions for the dynamic characteristics of interest.

Component Values

Having determined the closed loop pole and zero positions
the component values are calculated. From the root locus
analysis the dynamic pole and zero positions are:

P4 = - 573kHz
P2 = - 3.06MHz
z=-311Hz

Filter Input Subsection

Rearranging Equation 4:

1
CiN=47 R1lp1l

and substituting 573 kHz for the pole position and 1 k< for
the resistor value yields:
CIN =278 pF

Augmenting Integrator Subsection

Rearranging Equation 6:

1
on |z|
Ca
and substituting 311Hz for the zero position and 0.1uF for the
capacitor value yields:

HA:

RA = 5.11kQ
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From Equation 7 the value for the other resistors associated
with the integrator op-amp are set equal to Ra:

Ria = RA =5.11kQ

‘Voltage Divider Subsection

The element values for the voltage divider network are
calculated using the relationships presented in Equations 8,
9, and 10 with the constraint that this divider network must
produce a voltage that lies within the range 1.3V + VEg to 2.6V

+ VEE.
Restating Equation 9,

kg KOl
= K¢*K0*K1*K|

From the root locus analysis Kq is determined to be:

\%
Kol = 1.585 e51———
ol mA sec3

From Equation 3

1
CIN

Ki=A1"*
and the gain constant K1 is:

\
=8. 21—
K{ =8.90 e A Sec

From Equation 5

+ R
K| = A ﬁﬁ

and the gain constant K| is:

v
Ki=248 €15

Having determined the gain constant K , the value of Ry, is

Finally, using Equation 8a:

1

Ca= Ry Kd

eqt. 8a

the capacitor value, Cq is:
Cq = 98pF

Note that the voltage divider section can be used to set the
gain, but the designer is cautioned to be sure the input
value to VCOIN is within the correct range.

Component Scaling

As mentioned, these design equations were developed for
a data rate of 23 Mbit/sec. If the data rate is different from the
nominal design value the reactive elements must be scaled
accordingly. The following equations are provided to facilitate
scaling and were derived with the assumptions that a 2:7
coding scheme is used and that the RDCLK signal is twice the
frequency of the data clock.

CIN =278 * 4f6

(pF) eqt. 11

46

Cq=98"* (pF) eqt. 12

where f is the RDCLK frequency in MHz.
Example for an 11 Mbit/sec Data Rate

As an example of scaling, assume the given filter and a 2:7
code are used but the data rate is 11Mbit/sec. The dynamic
pole positions, and therefore the bandwidth of the loop filter,
are a function of the data rate. Thus a slower data rate will
force the dynamic poles and the bandwidth to move to a lower
frequency. From Equation 11 the value of Cy is:

CiN = 581pF

and from Equation 12 the value of Cq is:
Cq = 205pF
Thus the element values for the filter are:

Filter Input Subsection:

selected such that the constraints Ry > Rg and: CiN = 581pF
Kq Ro R1=1kQ
2n|pol = —Ro_-r-_R; Integrator Subsection:
are fulfilled. The pole position P2 is determined from the root CA=0.1pF
locus analysis to be: RA =5.11kQ
P =~ 3.06MHz RjA =5.11kQ
Hence, Ry is selected to be: Voltage Divider Subsection:
Ry =2.15kQ Cd = 205pF
and Ry is calculated to be: Ry =2.15kQ
Ro = 700Q Ro = 700k
MOTOROLA 2-90 ECLinPS and ECLinPS Lite
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Note, the poles P1 and P2 are now located at:
Pq =-274kHz

P = —1.47MHz

MC10E197

And, the open loop filter unity crossover point is at 300kHz.
The gain can be adjusted by changing the value of Rja and the
value of Cq. Varying the gain by changing Cq is not
recommended because this will also move the poles, hence
affect the dynamic 2 performance of the filter.

Calculations For a 1:7 Coding Scheme

Introduction

The circuit component values are calculated for a 1:7
coding scheme employing a data rate of 20Mbit/sec. Since the
number of bits increases from two to three when the data is
encoded, the data clock is at two-thirds the frequency of the
RDCLK signal. Thus, the operating frequency for these
calculations is 30MHz. As in the case of the 2:7 coding
scheme the pole and zero positions are a function of the data
rate, hence the component values derived by these
calculations must be scaled if a different operating frequency
is used.

Again, the analysis is divided into three parts: static pole
positioning, dynamic pole positioning, and dynamic zero
positioning.

Static Poles

As in the 2:7 coding example, an MC34182D op-amp is
employed, hence the pole set is:

P13 =-5.65 + j5.65MHz
P{p =—5.65 — j5.65MHz

and the open loop gain is:

Al=Ap =248 e15¥‘

Since the op-amps introduce a set of complex conjugate
poles, a total of four poles are introduced by the op-amp. In
addition, the integrator and the VCO each contribute a pole at
the origin for a total of six static poles.

Dynamic Poles

The filter input and the voltage divider sections each
contribute a dynamic pole. As stated previously, the filterinput
pole should be positioned midway between the unity
crossover point and the phase detector sampling frequency.
Hence, the open loop filter input pole position is selected as:

P*{ =-1.1MHz

The voltage divider pole is set approximately one octave
higher than the filter input pole. Thus, the open loop voitage
divider pole position is selected as:

P'o = - 2.28MHz

Dynamic Zero

Finally, the zero is positioned much less than one decade
before the crossover frequency; for this design the zero is
placed at:

z=-311Hz

Once the dynamic pole and zero positions have been
determined, the phase margin is determined using a Bode
plot; if the phase margin is not sufficient, the dynamic poles
may be moved to improve the phase margin. Finally, a root
locus analysis is performed to obtain the optimum closed loop
pole positions for the dynamic characteristics of interest.

Component Values
Having determined the closed loop pole and zero positions

the component values are calculated. From the root locus
analysis the dynamic pole and zero positions are:

Py = - 541kHz
Po = — 2.73MHz
z=-311Hz

Filter Input Subsection

Rearranging Equation 4

1
CIN =5, R1lpql

and substituting 541kHz for the pole position and 1.0kQ for
the resistor value yields:

C|N =294 pF

Augmenting Integrator Subsection

Rearranging Equation 6
4
A= [zlCca

and substituting 311Hz for the zero position and 0.1uF for the
capacitor value yields:

RA = 5.11kQ

From Equation 7 the value for the other resistors associated
with the integrator op-amp are set equal to RA:

RiA = RA =5.11kQ

ECLInPS and ECLInPS Lite
DL140 —Rev 4
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MC10E197

Voltage Divider Subsection

The element values for the voltage divider network are
calculated using the relationships presented in Equations 8,
9, and 10 with the constraint that this divider network must
produce a voltage that lies within the range 1.3V + VEE t0 2.6V

+ VEE.
Restating Equation 9,

Kol

K= R KR

From the root locus analysis Ko| is determined to be:

Koj = 1.258 51—

SEC3
From Equation 3:

1
CIN

Ki=A1*
and the gain constant K1:
Vv
Ky=842e21————
1 mA sec

From Equation 5:

RA
Ki=A* RiA

and the gain constant K is:

s
Ki=248 615

Kq=2.98 e6 sec —1

Having determined the gain constant Kq , the value of Ry, is
selected such that the constraints Ry > Rg and:

Finally, using Equation 8a:

1

Cd= "Ry K

eqt. 8a

the capacitor value, Cq is calculated to be:
Cd = 156pF

Again, note the voltage divider section can be used to set the
gain, but the designer is cautioned to be sure the input value to
VCOIN is within the correct range.

Component Scaling

As mentioned, these design equations were developed for
a data rate of 20Mbit/sec. If the data rate is different from the
nominal design value the reactive elements must be scaled
accordingly. The following equations provided are to facilitate
scaling and were derived with the assumptions that a 1.7
coding scheme is used and that the RDCLK signal is twice the
frequency of the data clock:

CIN = 294 *%0— (oF) eqt. 13
Cqg=156* ? (pF) eqt. 14

where f is the RDCLK frequency in MHz.
Example for an 10 Mbit/sec Data Rate

As an example of scaling, assume the given filterand a 1:7
code are used but the data rate is 10Mbit/sec. The dynamic
pole positions and, therefore, the bandwidth of the loop filter,
are a function of the data rate. Thus, a slower data rate will
force the dynamic poles and the bandwidth to move to a lower
frequency. From Equation 13 the value of C|N is:

C|N = 588pF
and from Equation 14 the value of Cq is:
Cq =312pF
Thus, the element values for the filter are:

_Kd __ _Rg Filter Input Subsection:
2n |P2 | Ro + RV
) " . . CiN = 588pF
are fulfilled. The pole position P2 is determined from the root
locus analysis to be: R1 = 1.0kQ
P2 =—-2.73MHz
Hence, Ry is selected to be: Integrator Subsection:
Ry =2.15kQ CA=0.1pF
and Ry is calculated to be: RA =5.11kQ
Ro = 453Q RiA = 5.11kQ
MOTOROLA
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Voltage Divider Subsection:

Cg = 312pF
Ry = 2.15kQ
Ro = 453kQ

Note, the poles P1 and P2 are now located at:

MC10E197

Py = —271kHz
Pp = —1.36MHz

And, the open loop filter unity crossover point is at 300kHz.
As in the case of the 2:7 coding scheme, the gain can be
adjusted by changing the value of Rja and the value of Cq.
Varying the gain by changing Cq is not recommended
because this will also move the poles, hence affect the
dynamic performance of the filter.

ECLInPS and ECLInPS Lite
DL140 — Rev 4

2-93 MOTOROLA




MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Low Voltage Dual 1:4, 1:5

Differential Fanout Buffer
ECL/PECL Compatible

For information on the MC100E210,
please refer to the MC100LVE210
datasheet on page 4-7 in

Chapter 4 of this book.

MC100E210

LOW VOLTAGE
DUAL 1:4, 1:5 DIFFERENTIAL
FANOUT BUFFER

-

FN SUFFIX
PLASTIC PACKAGE
CASE 776-02

MOTOROLA 2-94
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

1:6 Differential Clock
Distribution Chip

The MC10E/100E211 is a low skew 1:6 fanout device designed
explicitly for low skew clock distribution applications. The device can be
driven by either a differential or single-ended ECL or, if positive power
supplies are used, PECL input signal (PECL is an acronym for Positive
ECL, PECL levels are ECL levels referenced to +5V rather than ground).
If a single-ended input is to be used the Vg pin should be connected to
the CLK input and bypassed to ground via a 0.01uF capacitor. The Vg
supply is designed to act as the switching reference for the input of the
E211 under single-ended input conditions, as a result this pin can only
source/sink up to 0.5mA of current.

Guaranteed Low Skew Specification
Synchronous Enabling/Disabling

Multiplexed Clock Inputs

VgR Output for Single-Ended Use

Internal 75kQ Input Pulldown Resistors
Common and Individual Enable/Disable Control
High Bandwidth Output Transistors

Extended 100E VEE Range of —4.2V to —5.46V

The E211 features a multiplexed clock input to allow for the distribution
of a lower speed scan or test clock along with the high speed system
clock. When LOW (or left open in which case it will be pulled LOW by the
input pulldown resistor) the SEL pin will select the differential clock input.

Both a common enable and individual output enables are provided. When asserted the positive output will go LOW on the next
negative transition of the CLK (or SCLK) input. The enabling function is synchronous so that the outputs will only be
enabled/disabled when the outputs are already in the LOW state. In this way the problem of runt pulse generation during the
disable operation is avoided. Note that the internal flip flop is clocked on the falling edge of the input clock edge, therefore all

MC10E211
MC100E211

1:6 DIFFERENTIAL
CLOCK DISTRIBUTION CHIP

.

FN SUFFIX
PLASTIC PACKAGE
CASE 776-02

associated specifications are referenced to the negative edge of the CLK input.

The output transitions of the E211 are faster than the standard ECLinPS™ edge rates. This feature provides a means of
distributing higher frequency signals than capable with the E111 device. Because of these edge rates and the tight skew limits
guaranteed in the specification, there are certain termination guidelines which must be followed. For more details on the

recommended termination schemes please refer to the applications information section of this data sheet.

FUNCTION TABLE
CLK SCLK SEL ENx Q
H/L X L L CLK
X HL H L SCLK
z* z X H L

* Z = Negative transition of CLK or SCLK

ECLInPS is a trademark of Motorola Inc.

5/95
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MC10E211 MC100E211

BN BN Vogg B 05 G Q4
N e Y e T s Y s Y e O
% 24 28 2 20 2 19
ENa [ | 26 B[] ®
seL[] 2 17[] a8
soLk [ 28 6 [] vec
vee[ @ 5] @
ck[] 2 1[] a2
ok [] s 1[]a
ves [ 4 12[] af
5 6 7 8 9 10 1
T T T T T T 7
TEN EN? ENi END Vogp Q0 @
Pinout: 28-Lead PLCC (Top View)
I Qo
S Qo
ENO ﬁ
CLK ) BITS 1-4
o o
sok—A 1 C—— Qi4
SEL I
ENT4
CEN
f Q5
O Q5
ﬁ
VBB ~———————
Logic Diagram
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DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); VCcc = Vcco = GND)

MC10E211 MC100E211

0°C 25°C 85°C
Characteristic Symbol | Min | Typ | Max | Min [ Typ | Max | Min | Typ | Max | Unit | Condition

Output Reference Voltage VBB \

10E -1.38 -1.27 | -1.35 -1.25 | -1.31 -1.19

100E -1.38 -1.26 | -1.38 -1.26 | -1.38 -1.26
Input High Current IIH 150 150 150 pA
Power Supply Current IEE mA

10E 119 160 119 160 119 | 160

100E 119 160 119 160 137 | 164

AC CHARACTERISTICS (VEg = VEg(min) to VEg(max); Vcc = Voco = GND)
0°C 25°C 85°C
Characteristic Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit | Condition

Propagation Delay to Output tPLH ps

CLK to Q (Diff) tPHL 795 | 930 | 1065 | 805 | 940 | 1075 | 825 | 960 | 1095

CLKto Q (SE) 745 | 930 | 1115 | 755 | 940 | 1125 | 775 | 960 | 1145

SCLKto Q 650 | 900 | 1085 | 650 | 910 | 1095 | 650 | 930 | 1115

SELto Q 745 | 970 | 1195 | 755 | 980 | 1205 | 775 | 1000 | 1225
Disable Time tPHL ps

CLKor SCLKto Q 600 | 800 600 | 800 600 | 800 2
Part-to-Part Skew tskew ps

CLK (Diff) to Q 270 270 270

CLK (SE), SCLKto Q 370 370 370

Within-Device Skew 50 75 50 75 75 1
Setup Time ts ps

ENx to CLK 200 | -100 200 | -100 200 | -100

CENto CLK 200 0 200 0 200 0 2
Hold Time th ps

CLK to ENx, CEN 900 | 600 900 | 160 900 | 600 2
Minimum Input Swing (CLK) Vpp 0.25 1.0 | 0.25 1.0 | 0.25 1.0 \ 3
Com. Mode Range (CLK) VcMR | 0.4 Note | -0.4 Note | -0.4 Note \ 4
Rise/Fall Times tr ps

20 - 80% t 150 400 | 150 400 | 150 400

Eal el

can be calculated as VEg + 2.4V.

Within-Device skew is defined for identical transitions on similar paths through a device.
Setup, Hold and Disable times are all relative to a falling edge on CLK or SCLK.
Minimum input swing for which AC parameters are guaranteed. Full DC ECL output swings will be generated with only 50mV input swings.

The range in which the high level of the input swing must fall while meeting the Vpp spec. The lower end of the range is VEE dependent and

ECLinPS and ECLInPS Lite
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MC10E211 MC100E211

APPLICATIONS INFORMATION

General Description

The MC10E/100E211 is a 1:6 fanout tree designed
explicitly for low skew high speed clock distribution. The
device was targeted to work in conjunction with the E111
device to provide another level of flexibility in the design and
implementation of clock distribution trees. The individual
synchronous enable controls and multiplexed clock inputs
make the device ideal as the first level distribution unit in a
distribution tree. The device provides the ability to distribute a
lower speed scan or test clock along with the high speed
system clock to ease the design of system diagnostics and
self test procedures. The individual enables could be used to
allow for the disabling of individual cards on a backplane in
fault tolerant designs.

Because of lower fanout and larger skews the E211 will
not likely be used as an alternative to the E111 for the bulk of
the clock fanout generation. Figure 1 shows a typical
application combining the two devices to take advantage of
the strengths of each.

————— ]
| EMM
| Qo
o |
| S|
— | !
Q3
w |
j pu}
%
_____ A
& || e
| | Qo
o |
—l e |
|
l Qg
e —— Jd

Figure 1. Standard E211 Application

Using the E211 in PECL Designs

The E211 device can be utilized very effectively in designs
utilizing only a +5V power supply. Since the internal switching
reference levels are biased off of the Vg supply the input
thresholds for the single-ended inputs will vary with Vg c. As a
result the single-ended inputs should be driven by a device
on the same board as the E211. Driving these inputs across a
backplane where significant differences between the Vo c's of
the transmitter and receiver can occur can lead to AC
performance and/or significant noise margin degradations.
Because the differential 1/O does not use a switching
reference, and due to the CMR range of the E211, even

under worst case Vc situations between cards there will be
no AC performance or noise margin loss for the differential
CLK inputs.

For situations where TTL clocks are required the E211 can
be interfaced with the H641 or H643 ECL to TTL Clock
Distribution Chips from Motorola. The H641 is a single supply
1:9 PECL to TTL device while the H643 is a 1:8 dual supply
standard ECL to TTL device. By combining the superior skew
performance of the E211, or E111, with the low skew
translating capabilities of the H641 and H643 very low skew
TTL clock distribution networks can be realized.

Handling Open Inputs and Outputs

All of the input pins of the E211 have a 50kQ to 75kQ
pulldown resistor to pull the input to VEE when left open. This
feature can cause a problem if the differential clock inputs are
left open as the input gate current source transistor will
become saturated. Under these conditions the outputs of the
CLK input buffer will go to an undefined state. It is
recommended, if possible,that the SCLK input should be
selected any time the differential CLK inputs are allowed to
float. The SCLK buffer, under open input conditions, will
maintain a defined output state and thus the Q outputs of the
device will be in a defined state (Q = LOW). Note that if all of
the inputs are left open the differential CLK input will be
selected and the state of the Q outputs will be undefined.

With the simultaneous switching characteristics and the
tight skew specifications of the E211 the handling of the
unused outputs becomes critical. To minimize the noise
generated on the die all outputs should be terminated in
pairs, ie. both the true and compliment outputs should be
terminated even if only one of the outputs will be used in the
system. With both complimentary pairs terminated the
current in the Vo pins will remain essentially constant and
thus inductance induced voltage glitches on Vg will not
occur. Vo glitches will result in distorted output waveforms
and degradations in the skew performance of the device.

The package parasitics of the 28-lead PLCC cause the
signals on a given pin to be influenced by signals on adjacent
pins. The E211 is characterized and tested with all of the
outputs switching, therefore the numbers in the data book are
guaranteed only for this situation. If all of the outputs of the
E211 are not needed and there is a desire to save power the
unused output pairs can be left unterminated. Unterminated
outputs can influence the propagation delay on adjacent pins
by 15ps - 20ps. Therefore under these conditions this 15ps -
20ps needs to be added to the overall skew of the device.
Pins which are separated by a package corner are not
considered adjacent pins in the context of propagation delay
influence. Therefore as long as all of the outputs on a single
side of the package are terminated the specification limits in
the data sheet will apply.

MOTOROLA
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MC10E211 MC100E211

APPLICATIONS INFORMATION

Differential versus Single-Ended Use

As can be seen from the data sheet, to minimize the skew
of the E211 the device must be used in the differential mode.
In the single-ended mode the propagation delays are
dependent on the relative position of the Vg switching
reference. Any Vpp offset from the center of the input swing
will add delay to either the Tp|_H or TpHL and subtract delay
from the other. This increase and decrease in delay will lead
to an increase in the duty cycle skew and thus part-to-part
skew. The within-device skew will be independent of the Vg
and therefore will be the same regardless of whether the
device is driven differentially or single-endedly.

For applications where part-to-part skew or duty cycle
skew are not important the advantages of single-ended clock
distribution may lead to its use. Using single-ended
interconnect will reduce the number of signal traces to be
routed, but remember that all of the complimentary outputs
still need to be terminated therefore there will be no reduction
in the termination components required. To use the E211 with
a single-ended input the arrangement pictured in Figure 2b
should be used. If the input to the differential CLK inputs are
AC coupled as pictured in Figure 2a the dependence on a
centered Vg reference is removed. The situation pictured
will ensure that the input is centered around the bias set by
the VBB. As a result when AC coupled the AC specification
limits for a differential input can be used. For more
information on AC coupling please refer to the interfacing
section of the design guide in the ECLInPS data book.

Using the Enable Pins

Both the common enable (CEN) and the individual
enables (ENx) are synchronous to the CLK or SCLK input
depending on which is selected. The active low signals are
clocked into the enable flip flops on the negative edges of the
E211 clock inputs. In this way the devices will only be
disabled when the outputs are already in the LOW state. The
internal propagation delays are such that the delay to the
output through the distribution buffers is less than that
through the enable flip flops. This will ensure that the
disabling of the device will not slice any time off the clock

pulse. On initial power up the enable flip flops will randomly
attain a stable state, therefore precautions should be taken
on initial power up to ensure the E211 is in the desired state.

|1
NO 1] 1 I
0.001pF 50Q
NO—
0.01uF
O -
VBB

Figure 2a. AC Coupled Input

0.01uF
O -
VBB

Figure 2b. Single-Ended Input

ECLInPS and ECLInPS Lite
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

3-Bit Scannable Registered

Address Driver

The MC10E/100E212 is a scannable registered ECL driver typically
used as a fan-out memory address driver for ECL cache driving. In a VLSI
array based CPU design, use of the E212 allows the user to conserve

array output cell functionality and also output pins.

The input shift register is designed with control logic which greatly

facilitates its use in boundary scan applications.

Scannable Version E112 Driver

e 1025ps Max. CLK to Output

Dual Differential Outputs

Master Reset

Extended 100E VEE Range of — 4.2V to — 5.46V
Internal 75kQ Input Pulldown Resistors

Pinout: 28-Lead PLCC (Top View)

MC10E212
MC100E212

3-BIT SCANNABLE
REGISTERED
ADDRESS DRIVER

-

o FN SUFFIX
SHIFT MR NC S-OUTVgco Qob Qoa PLASTIC PACKAGE
N e S o Y s N s O o CASE 776-02
25 24 23 22 21 20 19
[OAD []26 18] Qob
CLK [{a7 17 [] Qpa
Do []28 16 [Jvec LOGIC DIAGRAM sout
Vee (10 15 ] Qb
J— Qob
0i[]2 14[]Qp D Qa
Q-
Dg[]3 13[] b Dy O
SIN[]+ 12[] s ? Qb
5 6 7 8 9 10 11
N ey sy s By
NC Voo Qpa Qob Qpa Qpb Voco
* All Ve and Vo pins are tied together on the die. D 8:2
j-r 0 Qa
b1 Qia
H> Q1b
PIN NAMES
Pin Function
Dg-D2 Data Inputs
S-IN Scan Input Qqgb
LOAD LOAD/HOLD Control HD Qpa
SHIFT Scan Control Q o
CLK Clock Do Qga
MR Reset 1 Qob
S-0UT Scan Output s
Q[o:2ja, Q[o:21b | True Outputs %
Q[0:2]a, Q[0:2]b | Inverting Outputs SHIFT
CLK
MR
12/93
20 (M) moToroLa
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DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)

MC10E212 MC100E212

0°C 25°C 85°C
Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
[[%} Input HIGH Current 150 150 150 | pA
IEE Power Supply Current mA
10E 80 96 80 96 80 96
100E 80 96 80 96 92 110
AC CHARACTERISTICS (VEE = VEE(mIn) to VEE(max); Vcc = Vcco = GND)
0°C 25°C 85°C
Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
tPLH Propagation Delay to Output ps
tPHL CLK 575 800 1025 | 575 800 1025 | 575 800 1025
MR 575 800 1025 | 575 800 1025 | 575 800 1025
CLK to S-OUT 575 800 1025 | 575 800 1025 | 575 800 1025
ts Setup Time ps
D 175 25 175 25 175 25
SHIFT 150 -50 150 -50 150 -50
LOAD 225 50 225 50 225 50
S-IN 150 -50 150 -50 150 -50
th Hold Time ps
D 250 25 250 25 250 25
SHIFT 300 100 300 100 300 100
LOAD 225 [o] 225 0 225 o]
S-IN 300 100 300 100 300 100
tRR Reset Recovery 600 350 600 350 600 350 ps
tSKEW Within-Device Skew 100 100 100 ps 1
tSKEW Within-Gate Skew 50 50 50 ps 2
tr Rise/Fall Times ps
tf 20 - 80% 275 425 650 | 275 425 650 | 275 425 650
1. Within-device skew is defined as identical transitions on similar paths through a device.
2. Within-gate skew is defined as the difference in delays between various outputs of a gate when driven from the same input.
FUNCTION TABLE
LOAD SHIFT MR MODE
L L L Load
H L L Hold
X H L Shift
X X H Reset
ECLinPS and ECLInPS Lite 2-101 MOTOROLA
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

8-Bit Scannable Register

The MC10E/100E241 is an 8-bit shiftable register. Unlike a standard
universal shift register such as the E141, the E241 features internal data
feedback organized so that the SHIFT control overrides the HOLD/LOAD
control. This enables the normal operations of HOLD and LOAD to be
toggled with a single control line without the need for external gating. It
also enables switching to scan mode with the single SHIFT control line.

The eight inputs Dg — D7 accept parallel input data, while S-IN accepts
serial input data when in shift mode. Data is accepted a set-up time
before the positive-going edge of CLK; shifting is also accomplished on
the positive clock edge. A HIGH on the Master Reset pin (MR)
asynchronously resets all the registers to zero.

o SHIFT overrides HOLD/LOAD Control

* 1000ps Max. CLK to Q

e Asynchronous Master Reset

e Pin-Compatible with E141

o Extended 100E VEE Range of — 4.2V to — 5.46V
e 75kQ Input Pulldown Resistors

Pinout: 28-Lead PLCC (Top View)
SELO NC D7y Dg Ds Vgcco Q7
A M M [ M/, [

MC10E241
MC100E241

8-BIT SCANNABLE
REGISTER

-

FN SUFFIX
PLASTIC PACKAGE
CASE 776-02

4

et s S i

oLk []e7 17[] 05

MR []28 16 [] Vee LOGIC DIAGRAM
vee [JO® 15 [] NG N ——————

SN ]2 ‘ 14[] Veco

Do []3 18] 04

D1 []4 2] Q3

5 6 7 8 9 10 1

| N Ny Sy N [y Ny Ny
D2 D3 Dy Vecco @ Q1 Q@
* All Voe and Voo pins are tied together on the die.

PIN NAMES
Pin Function

Do-D7 Parallel Date Inputs

S-IN Serial Data Inputs

SELO SHIFT Control

SEL1 HOLD/LOAD Control HOLD/LGAD

CLK Clock SHIFT

MR Master Reset CLK

Q-Q Data Outputs

0~ 7 MR

7/96

A R
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DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)

MC10E241 MC100E241

0°C 25°C 85°C
Symbol Characteristic min  typ max [ min typ max | min typ max | Unit | Condition
IH Input HIGH Current 150 150 150 | pA
IEE Power Supply Current MA
10E 125 150 125 150 125 150
100E 125 150 125 150 144 173
AC CHARACTERISTICS (VEg = VEE(min) to VEE(max); Vcc = Vcco = GND)
0°C 25°C 85°C
Symbol Characteristic min typ max | min typ max { min typ max | Unit | Condition
fSHIFT Max. Shift Frequency 700 900 700 900 700 900 MHz
tPLH Propagation Delay to Output ps
tPHL Clk 625 750 975 | 625 750 975 | 625 750 975
MR 600 725 975 | 600 725 975 | 600 725 975
ts Setup Time ps
D 175 25 175 25 175 25
SELO (SHIFT) 350 200 350 200 350 200
SEL1 (HOLD/LOAD) 400 250 400 250 400 250
S-IN 125 -100 125 -100 125 -100
th Hold Time ps
D 200 -25 200 -25 200 -25
SELO (SHIFT) 100 -200 100 -200 100 -200
SEL1 (HOLD/LOAD) 50 -250 50 -250 50 -250
S-IN 300 100 300 100 300 100
tRR Reset Recovery Time 900 600 900 600 900 600 ps
tpw Minimum Pulse Width ps
Clk, MR 400 400 400
tSKEW Within-Device Skew 60 60 60 ps 1
t Rise/Fall Times ps
t 20 - 80% 300 525 800 | 300 525 800 | 300 525 800
1. Within-device skew is defined as identical transitions on similar paths through a device.
FUNCTION TABLE
MR SELO SEL1 Function
1 X X Outputs LOW
0 1 X Shift Data
0 0 1 Hold Data
0 0 0 Load Data
ECLinPS and ECLInPS Lite 2-103 MOTOROLA
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3-Bit 4:1 Mux-Latch

The MC10E/100E256 contains three 4:1 multiplexers followed by
transparent latches with differential outputs. Separate Select controls are

provided for the leading 2:1 mux pairs (see logic symbol).

When the Latch Enable (LEN) is LOW, the latch is transparent, and
output data is controlled by the multiplexer select controls. A logic HIGH
on LEN latches the outputs. The Master Reset (MR) overrides all other

controls to set the Q outputs LOW.

e 950ps Max. D to Output

e 850ps Max. LEN to Output

e Split Select

o Differential Outputs

e Extended 100E VEE Range of — 4.2V to — 5.46V
e 75kQ Input Pulldown Resistors

Pinout: 28-Lead PLCC (Top View)
Dip Dia Dog D¢ Dop D2a Veco

MC10E256
MC100E256

3-BIT 4:1
MUX-LATCH

i

FN SUFFIX
111 1 MM PLASTIC PACKAGE
25 24 23 22 21 20 19 _ CASE 776-02
SELIA[] 26 18 [] @z
SEL1B [ 27 17 P Q2
SEL2[] 28 16 [] vee
Vee [ @ 15 []ar
LEN[] 2 1] o
wR[] 3 13 [] veco
D1c[] 4 12 [] Qo
5 6 7 8 9 10 1
| N Ny N O oy NN [y N ) O |
Dig Doa Dob Doc Dod Veco Qo
* All Vo and Voo pins are tied together on the die.
FUNCTION TABLE PIN NAMES
Pin State ' Operation Pin Function
SEL2 H Output c/d Data Dox — Doy Data Inputs
SEL1A H Input d Data SEL1A, SEL1B First-stage Select Inputs
SEL1B H Input b Data SEL2 Second-stage Select input
LEN Latch Enable
MR Master Reset
Qp, Qg - Qo, Q2 Data Outputs
12053 @ MOTOROLA
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MC10E256 MC100E256

LOGIC DIAGRAM

Doa
Dob
D
Do; % p—®
|
Dod
D1a
D1p
™~ b —a
Dic ) —— E'!(\l b— Q1
Dig
D2a
Dap
\i D — Q2
Doc /l »—-1 B p—
Dog
SELIA >
SEL1B _[>_
SELR f>—
LEN >
MR >

DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = Vcco = GND)

0°C 25°C 85°C
Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
IIH Input HIGH Current 150 150 150 pA
IEE Power Supply Current mA
10E 69 83 69 83 69 83
100E 69 83 69 83 79 96
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MC10E256 MC100E256

AC CHARACTERISTICS (VEE = VEE(mIn) to VEE(max); Vcc = Vcco = GND)

0°C 25°C 85°C
Symbol Characteristic min  typ max | min typ max | min typ max | Unit | Condition
tPLH Propagation Delay to Output ps
tPHL D 400 600 900 | 400 600 900 | 400 600 900
SEL1 550 775 1050 | 550 775 1050 | 550 775 1050
SEL2 450 650 900 | 450 650 900 | 450 650 900
LEN 350 500 800 | 350 500 800 | 350 500 800
MR 350 600 825 | 350 600 825 350 600 825
ts Setup Time ps
D 400 275 400 275 400 275
SEL1 600 300 600 300 600 300
SEL2 500 250 500 250 500 250
th Hold Time ps
D 300 -275 300 -275 300 -275
SEL1 100 -300 100 -300 100 -300
SEL2 200 -250 200 -250 200 -250
RR Reset Recovery Time 700 600 700 600 700 600 ps
tpw Minimum Pulse Width ps
MR 400 400 400
tSKEW Within-Device Skew 50 50 50 ps 1
tr Rise/Fall Times ps
t 20 - 80% 275 475 700 | 275 475 700 | 275 475 700
1. Within-device skew is defined as identical transitions on similar paths through a device.
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Product Preview
Low Voltage 2:8 Differential MC100E310

Fanout Buffer
ECL/PECL Compatible

For information on the MC100E310, LOW VOLTAGE
please refer to the MC100LVE310 B OUT DR
datasheet on page 4-14 in

Chapter 4 of this book.

-

FN SUFFIX
PLASTIC PACKAGE
CASE 776-02
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3-Bit Registered Bus Transceiver

The MC10E/MC100E336 contains three bus transceivers with both
transmit and receive registers. The bus outputs (BUS0-BUS2) are
specified for driving a 25Q bus; the receive outputs (Q0-Q2) are
specified for 50Q. The bus outputs feature a normal HIGH level (VoH) and
a cutoff LOW level — when LOW, the outputs go to —2.0V and the output
emitter-follower is “off”, presenting a high impedance to the bus. The bus
outputs also feature edge slow-down capacitors.

o 25Q Cutoff Bus Outputs

o 50Q Receiver Outputs

e Transmit and Receive Registers

o 1500ps Max. Clock to Bus

e 1000ps Max. Clock to Q

Bus Outputs Feature Internal Edge Slow-Down Capacitors
Additional Package Ground Pins

e Extended 100E VEE Range of — 4.2V to — 5.46V

e 75kQ Input Pulldown Resistors

The Transmit Enable pins (TEN) control whether current data is held in
the transmit register, or new data is loaded from the A/B inputs. A LOW on
both of the Bus Enable inputs (BUSEN), when clocked through the
register, disables the bus outputs to —2.0V.

The receiver section clocks bus data into the receive registers, after
gating with the Receive Enable (RXEN) input.

All registers are clocked by a positive transition of CLK1 or CLK2 (or
both).

Additional leadframe grounding is provided through the Ground pins (GND) which should be connected to OV. The GND pins

are not electrically connected to the chip.

Pinout: 28-Lead PLCC (Top View)

TEN2 TEN1 By A NC Veco Qo
A MM rrrMromMm

25 24 23 2 21 20 19
BUSEN1 [ 26 18[] enp
BUSEN2[ | 27 17 F_| BUSZ
RXEN[ | 28 16 P Voo
VEE[ @ . 15 :I Qq
cLki[] 2 14[] Veco
clke[] 3 13[] BUST
Aa
no[]4 12[] GND B2
5 6 7 8 9 10 1 TENT
T 7 T 7 J T J TEN2
By Al By Voo BUSO GND Qp
* Al Vo and Voo pins are tied together on the die. BUSEN1
BUSEN2
CLK1
CLK2
12/93

MC10E336
MC100E336

3-BIT REGISTERED
BUS TRANSCEIVER

-

FN SUFFIX
PLASTIC PACKAGE
CASE 776-02

LOGIC DIAGRAM

RXEN >
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MC10E336 MC100E336

DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); VGG = VCCO = GND)

0°C 25°C 85°C
Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
VouTt Cut-off Output Voltage1 -2.10 -2.03 | -2.10 -2.03 |-2.10 -2.03 \
H Input HIGH Current HA
RXEN 225 225 225
All Other Inputs 150 150 150
Ieg Power Supply Current mA
10E 125 150 125 150 125 150
100E 125 150 125 150 144 173
1. Measured with V1T =-2.10V
AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)
0°C 25°C 85°C
Symbol Characteristic min  typ max | min typ max | min typ max | Unit | Condition
tPLH Propagation Delay to Output ps
tPHL ClktoQ 500 700 100 | 500 700 1000 | 500 700 1000
Cik to BUS 825 1250 1800 | 825 1250 1800 | 825 1250 1800
ts Setup Time ps
BUS, RXEN 150 -150 150 -150 150 -150
BUSEN 100 -200 100 -200 100 -200
A, B Data 300 -50 300 -50 300 -50
TEN 450 150 450 150 450 150
th Hold Time ps
BUS, RXEN 450 150 450 150 450 150
BUSEN 500 200 500 200 500 200
A, B Data 350 50 350 50 350 50
TEN 200 -150 200 -150 200 -150
tpw Minimum Pulse Width ps
Clk 400 400 400
tr Rise/Fall Times ps
tf 20 - 80% (Qn) 300 450 700 | 300 450 700 | 300 450 700
20 - 80% (BUSH Rise) 500 800 1000 | 500 800 1000 | 500 800 1000
20 - 80% (BUSN Fall) 300 500 800 | 300 500 800 | 300 500 800
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3-Bit Scannable Registered
Bus Transceiver

The MC10E/100E337 is a 3-bit registered bus transceiver with scan.
The bus outputs (BUS0-BUS2) are specified for driving a 25Q bus; the
receive outputs (Q0 — Q2) are specified for 50Q. The bus outputs feature
a normal HIGH level (VoH) and a cutoff LOW level — when LOW, the
outputs go to — 2.0V and the output emitter-follower is “off”, presenting a
high impedance to the bus. The bus outputs also feature edge slow-down
capacitors.

Scannable Version of E336

25Q Cutoff Bus Outputs

50Q Receiver Outputs

Scannable Registers

Sync. and Async. Bus Enables

Non-inverting Data Path

e 1500ps Max. Clock to Bus (Data Transmit)

e 1000ps Max. Clock to Q (Data Receive)

Bus Outputs Feature Internal Edge Slow-Down Capacitors
Additional Package Ground Pins

Extended 100E VEE Range of — 4.2V to — 5.46V
75kQ Input Pulldown Resistors

MC10E337
MC100E337

3-BIT SCANNABLE
REGISTERED
BUS TRANSCEIVER

L

FN SUFFIX
PLASTIC PACKAGE
CASE 776-02

Both drive and receive sides feature the same logic, including a loopback path to hold data. The HOLD/LOAD function is
controlled by Transmit Enable (TEN) and Receive Enable (REN) on the transmit and receive sides respectively, with a HIGH
selecting LOAD. Note that the implementation of the E337 Receive Enable differs from that of the E336.

A synchronous bus enable (SBUSEN) is provided for normal, non-scan operation. The asynchronous bus disable (ABUSDIS)

disables the bus immediately for scan mode.

The SYNCEN input is provided for flexibility when re-enabling the bus after disabling with ABUSDIS, allowing either
synchronous or asynchronous re-enabling. An alternative use is asynchronous-only operation with ABUSDIS, in which case
SYNCEN is tied LOW, or left open. SYNCEN is implemented as an overriding SET control (active-LOW) to the enable flip-flop.

Scan mode is selected by a HIGH at the SCAN input. Scan input data is shifted in through S_IN and output data appears at the

Q2 output.

All registers are clocked on the positive transition of CLK. Additional lead-frame grounding is provided through the Ground pins
(GND) which should be connected to 0V. The GND pins are not electrically connected to the chip.

PIN NAMES
Pin Function

Ag- Az Data Inputs A

Bp -~ B2 Data Inputs B

S-IN Serial (Scan) Data Input

TEN, REN HOLD/LOAD Controls

SCAN Scan Control

ABUSDIS Asynchronous Bus Disable

SBUSEN Synchronous Bus Enable

SYNCEN Synchronous Enable Control

CLK Clock

BUSO - BUS2 25Q Cutoff Bus Outputs

Qy-Q2 Receive Data Outputs (Q2 serves as SCAN_OUT in scan mode)
12/93
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MC10E337 MC100E337

Pinout: 28-Lead PLCC (Top View)

SBUSEN SYNCEN By  Ag ABUSDISVggo Qp
e O Y s Y Y s s

somn [ %5 % 2 2 2 N MW o
SIN[]27 17[] BUSO
TEN [] 28 18] Vee
vee []@ 157 Q
REN[] 2 147 Veco
ok []s 13[] Bust

A1 []4 12[] GND
5 6 7 8 9 10 1

[N | N [y N N [ U N U By o |
By Ay By Vggoo BUS2 GND Qo

* All Vo and Vo pins are tied together on the die.

LOGIC DIAGRAM

L4 |
o BUSO
A l ™, DQe> Q
Bg DQ 1 | 0
S_IN o— —r—
TEN D—
REN D-
SCAN -
ABUSDIS o
SBUSEN >————ID Q
SYNCEN D————o SET
CLK D
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MC10E337 MC100E337

DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)

0°C 25°C 85°C

Symbol Characteristic min typ max min typ max min typ max | Unit | Condition
Veurt Cut-off Output Voltagel -2.10 -2.03 [-2.10 -2.03 |-2.10 -203| V
IIH Input HIGH Current HA

All Other Inputs 150 150 150
IEE Power Supply Current mA

10E 145 174 145 174 145 174

100E 145 174 145 174 167 200

1. measured with V1T =-2.10V

AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)

0°C 25°C 85°C
Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
tPLH Propagation Delay to Output ps
tPHL ClktoQ 450 1000 | 450 1000 | 450 1000
Clk to BUS 800 1800 | 800 1800 | 800 1800
ABUSDIS 500 1500 | 500 1500 | 500 1500
SYNCEN 800 1800 | 800 1800 | 800 1800
ts Setup Time i ps
BUS 350 350 350
SBUSEN 100 100 100
Data, S-IN 400 400 400
TEN, REN, SCAN 550 550 550
th Hold Time ps
BUS 350 350 350
SBUSEN 500 500 500
Data, S-IN 350 350 350
TEN, REN, SCAN 200 200 200
tpw Minimum Pulse Width ps
CLk 400 400 400
tr ) Rise/Fall Times ps
t 20 - 80% (Qn) 300 800 | 300 800 | 300 800
20 - 80% (BUSn Rise) 500 1000 | 500 1000 | 500 1000
20 - 80% (BUSH Fall) 300 800 | 300 800 | 300 800
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Quad Differential AND/NAND

The MC10E404/100E404 is a 4-bit differential AND/NAND device. The
differential operation of the device makes it ideal for pulse shaping
applications where duty cycle skew is critical. Special design techniques
were incorporated to minimize the skew between the upper and lower
level gate inputs.

Because a negative 2-input NAND function is equivalent to a 2-input
OR function, the differential inputs and outputs of the device also allow for
its use as a fully differential 2 input OR/NOR function.

The output RISE/FALL times of this device are significantly faster than
most other standard ECLIinPS devices resulting in an increased
bandwidth.

The differential inputs have clamp structures which will force the Q
output of a gate in an open input condition to go to a LOW state. Thus,
inputs of unused gates can be left open and will not affect the operation of
the rest of the device. Note that the input clamp will take affect only if both
inputs fall 2.5V below Vcc.

o Differential D and Q

e 700ps Max. Propagation Delay

o High Frequency Outputs

e Extended 100E VEE Range of —~ 4.2V to — 5.46V
o Internal 75kQ Input Pulldown Resistors

Dja Dga D3b Dgb Veco Q3 Q3
o N s T e Y e OO v Y e I s |

o [z 25 24 2 2 2 20 1 H %
Dob []27 17(] Q2
Dza []28 16 [] Voc
vee [0 Pinout(:T iﬁ-\l;i:vd) PLCC 15[] o
Doa []2 1417 Q4
b s 18] Qo
Dib 14 12[] Qo
5 6 7 8 9 10 10

Dja Dia Dgb Db Dga Doz Vcco
* All Vo and Voo pins are tied together on the die.

MC10E404
MC100E404

QUAD DIFFERENTIAL
AND/NAND

-

PIN NAMES
Pin Function
D[0:4], D[0:4] Differential Data Inputs
Q[0:4], Q[0:4] Differential Data Outputs
FUNCTION TABLE
Da Db Q Da Db Q
L L L L L L
L H L L H H
H L L H L H
H H H H H H
12/93

FN SUFFIX
PLASTIC PACKAGE
CASE 776-02
LOGIC DIAGRAM

Doa

—~ Q
Doa 0
Dob P
.l Q
Dob 0
D1 Q1
Dya

seisle
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MC10E404 MC100E404

DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); VG = Vcco = GND)

0°C 25°C 85°C

Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
[IT¥] Input HIGH Current 150 150 150 | pA
IEE Power Supply Current mA

10E 106 127 106 127 106 127

100E 106 127 106 127 122 146
Vpp(DC) Input Sensitivity 50 50 50 mV 1
VCMR Common Mode Range -1.5 0 -1.5 0 -1.5 0 \ 2

1. Differential input voltage required to obtain a full ECL swing on the outputs.
2. VCMR is referenced to the most positive side of the differential input signal. Normal operation is obtained when the input signals are within the
VCMR range and the input swing is greater than Vpp \iN and < 1.0V.

AC CHARACTERISTICS (VEg= VEE(min) to VEE(max); Ve = Vcco = GND)

0°C 25°C 85°C

Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
tPLH Propagation Delay to Output ps
tPHL Da (Diff) 350 475 650 | 350 475 650 | 350 475 650

Da (SE) 300 475 700 | 300 475 700 | 300 475 700

Db (Diff) 375 500 675 | 375 500 675 | 375 500 675

Db (SE) 325 500 725 | 325 500 725 | 325 500 725
tSKEW Within-Device Skew 50 50 50 ps 1
Vpp(AC) | Minimum Input Swing 150 150 150 mV 2
t Rise/Fall Time
t 20 - 80% 150 400 | 150 400 | 150 400 ps

1. Within-device skew is defined as identical transitions on similar paths through a device.
2. Minimum input swing for which AC parameters are guaranteed.
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1:9 Differential ECL/PECL
RAMBus Clock Buffer

The MC10E411 is a low skew 1-to-9 differential driver, designed with
clock distribution in mind. The MC10E411’s function and performance are
similar to the popular MC10E111, with the added feature of 1.2V output
swings. It accepts one signal input, which can be either differential or
single-ended if the VBp output is used. The signal is fanned out to 9
identical differential outputs.

200ps Part-to-Part Skew

50ps Output-to-Output Skew
Differential Design

VgR Output

Voltage Compensated Outputs
VEeE Range of —4.5 to -5.5V
75kQ Input Pulldown Resistors

The output voltage swing of the E411 is larger than a standard ECL
swing. The 1.2V output swings provide a signal which can be AC coupled
into RAMBus compatible input loads. The larger output swings are
produced by lowering the VoL of the device. With the exception of the
lower VQL, the E411 is identical to the MC10E111. Note that the larger
output swings eliminate the possibility of temperature compensated
outputs, thus the E411 is only available in the 10E style of ECL. In
addition, because the Vo is lower than standard ECL, the outputs cannot
be terminated to —2.0V. This datasheet provides a few termination
alternatives.

The E411 is specifically designed, modeled and produced with low
skew as the key goal. Optimal design and layout serve to minimize gate to
gate skew within a device, and empirical modeling is used to determine
process control limits that ensure consistent tpd distributions from lot to
lot. The net result is a dependable, guaranteed low skew device.

To ensure that the tight skew specification is met it is necessary that both sides of the differential output are terminated, even if
only one side is being used. In most applications, all nine differential pairs will be used and therefore terminated. In the case
where fewer than nine pairs are used, it is necessary to terminate at least the output pairs on the same package side as the
pair(s) being used on that side, in order to maintain minimum skew. Failure to do this will result in smali degradations of
propagation delay (on the order of 10-20ps) of the output(s) being used which, while not being catastrophic to most designs, will

mean a loss of skew margin.

The MC10E411, as with most other ECL devices, can be operated from a positive VGG supply in PECL mode. This allows the
E411 to be used for high performance clock distribution in +5.0V systems. Designers can take advantage of the E411’s
performance to distribute low skew clocks across the backplane or the board. in a PECL environment, series or Thevenin line
terminations are typically used as they require no additional power supplies. For more information on using PECL, designers

should refer to Motorola Application Note AN1406/D.
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MC10E411

1:9 DIFFERENTIAL
ECL/PECL RAMBUS
CLOCK BUFFER

-

FN SUFFIX
PLASTIC PACKAGE
CASE 776-02
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MC10E411

Q Q O Veco &1 @ @
| o N e Y s O N o N e N o |

25 24 23 22 21 20 19
vee [ 24 18] Qg
NC | 27 17]] Q3
PIN NAMES I: :I
Pins Function i [] 28 16]] Q4
N, TN Differential Input Pair vee @) Pinout: 28-Lead PLCC 45 7 v
Qp, Qp-Qg, Qg | Differential Outputs (Top View)
VBB Vg Output N[] 2 14[] 0q
ves[] 3 13[] a5
NG [] 4 12[] Qs
5 6 7 8 9 10 1
N Sy gy gy e
Qg Qg Q7 Veco @7 Qs Qg
LOGIC SYMBOL TERMINATION ALTERNATIVES

>
(>
=
1>

}— RAMBus Load

Q

o

Qq

[}

Q2

Q

Q3

Q3

IN N I:X Q4
N Q
upge

= 1 0
Qg

Qg

Q7

Q7

Qg

Qg

s
upg
TS

b——— RL=Z
Vi L=40
BB * VoHand VoL levels
will vary slightly from
specification table Voo-24V
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MC10E411

ECL DC CHARACTERISTICS
0°C 25°C 85°C
Symbol Characteristic Min Typ Max Min Typ Max Min Typ Max Unit
VOH Output HIGH Voltage1 -1.020 —-0.840 | —-0.980 | -0.890 | -0.810 | —0.910 -0.720 \
VoL Output LOW Voltage1 -2.420 -2.140 | -2.380 | —2.250 | -2.110 | -2.310 —2.020
VIH Input HIGH Voltage -1.170 —-0.840 | -1.130 -0.810 | -1.060 -0.720 \
ViL Input LOW Voltage -1.950 -1.480 | -1.950 -1.480 | -1.950 —1.445 \
VBB Output Reference Voltage —-1.38 -127 | -1.35 -1.25 | -1.31 -1.19 v
VEE Power Supply Voltage -4.5 -5.5 -4.5 -5.5 —4.5 -5.5 \
I+ Input HIGH Current 150 150 150 RA
I Power Supply Current 55 65 55 65 55 65 mA
1. Measured with 300 to Vg output pulldown.
PECL DC CHARACTERISTICS
0°C 25°C 85°C
Symbol Characteristic Min Typ Max Min Typ Max Min Typ Max Unit
VOH Output HIGH Voltage1:2 3.98 4.16 4.02 4.1 419 | 4.09 4.28
VoL Output LOW Voltage1,2 2.58 286 | 262 | 275 | 289 | 2.69 2.98
VIH Input HIGH Vollage1 3.83 4.16 3.87 419 3.94 4.28 v
ViL Input LOW Voltagel 3.05 352 3.05 352 | 3.05 3.56 v
VBB Output Reference Voltagel 3.62 3.73 3.65 3.75 3.69 3.81 \
Vce Power Supply Voltage 45 55 4.5 55 4.5 5.5 \
IIH Input HIGH Current 150 150 150 MA
(33 Power Supply Current 55 65 55 65 55 65 mA
1. These values are for Vo = 5.0V. Level Specifications will vary 1:1 with Voc.
2. Measured with 300Q to Vg output pulldown.
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MC10E411

AC CHARACTERISTICS (VEE = VEE (min) to VEE (max); Vcc = Vcco = GND)

0°C 25°C 85°C
Symbol Characteristic Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit | Condition
tPLH Propagation Delay to Output ps
tPHL IN (differential) 400 600 430 630 500 700 Note 1.
IN (single-ended) 350 650 | 380 680 | 450 750 Note 2.
ENtoQ 450 850 | 450 850 | 450 850
ts Setup Time ENtoIN | 200 Q 200 0 200 0 ps Note 3.
tH Hold Time INto EN 0 -200 0 -200 0 -200 ps Note 4.
R Release Time ENtoIN | 300 | 100 300 | 100 300 | 100 ps Note 5.
tskew Within-Device Skew 50 50 50 ps Note 6.
Part-to-Part Skew (Diff) 200 200 200
Vpp Minimum Input Swing 250 250 250 mv Note 7.
VCMR Common Mode Range -1.6 -04 | ~1.6 -04 | 16 -0.4 \ Note 8.
trltg Output Rise/Fall Time 275 600 | 275 600 | 275 600 ps 20%-80%

-

. The differential propagation delay is defined as the delay from the crossing points of the differential input signals to the crossing point of the
differential output signals.

. The single-ended propagation delay is defined as the delay from the 50% point of the input signal to the 50% point of the output signal.

. The setup time is the minimum time that EN must be asserted prior to the next transition of IN/IN to prevent an output response greater than
+75 mV to that IN/IN transition (see Figure 1). ' -

. The hold time is the minimum time that EN must remain asserted after a negative going IN or a positive going IN to prevent an output response
greater than 75 mV to that IN/IN transition (see Figure 2). .

. The release time is the minimum time that EN must be deasserted prior to the next IN/IN transition to ensure an output response that meets
the specified IN to Q propagation delay and output transition times (see Figure 3).

. The within-device skew is defined as the worst case difference between any two similar delay paths within a single device.

. Vpp(min) is defined as the minimum input differential voltage which will cause no increase in the propagation delay. The Vpp(min) is AC limited
for the E411 as a differential input as low as 50 mV will still produce full ECL levels at the output.

. VcMRis defined as the range within which the V| level may vary, with the device stillmeeting the propagation delay specification. The V) _level
must be such that the peak to peak voltage is less than 1.0 V and greater than or equal to Vpp(min).
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Quint Differential Line
Receiver

The MC10E416/100E416 is a 5-bit differential line receiving device.
The 2.0GHz of bandwidth provided by the high frequency outputs makes
the device ideal for buffering of very high speed oscillators.

A VBB pin is available to AC couple an input signal to the device. More
information on AC coupling can be found in the design handbook section
of this data book.

The design incorporates two stages of gain, internal to the device,
making it an excellent choice for use in high bandwidth amplifier
applications.

The differential inputs have internal clamp structures which will force
the Q output of a gate in an open input condition to go to a LOW state.
Thus, inputs of unused gates can be left open and will not affect the
operation of the rest of the device. Note that the input clamp will take
affect only if both inputs fall 2.5V below Vcc.

o Differential D and Q; Vpp available

o 600ps Max. Propagation Delay

o High Frequency Outputs

o 2 Stages of Gain

o Extended 100E VEE Range of — 4.2V to - 5.46V
o Internal 75kQ2 Input Pulldown Resistors

Pinout: 28-Lead PLCC (Top View)

D3 D4y D4 Vocco Q4 Q4 Voco
M M M M
_ 25 24 23 2 20 20 19 _
D3 []26 18] Q3
D2 []27 17[] Q3
Dy [ 28 16 ] Voo
vee [10 5]
ves []2 4[] Q
Do []s 13[] Veco
Do [ 4 12[] 0y
5 6 7 8 9 10 1

Q Veco O
* All Ve and Voo pins are tied together on the die.

Dy  Di Voco Qo

PIN NAMES

Pin Function
D[0:4], D[0:4]
Q[0:4], Q[0:4]

Differential Data Inputs

Differential Data Outputs
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MC10E416 MC100E416

DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)

0°C 25°C 85°C

Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
VBB Output Reference Voltage v

10E -1.38 -1.27 |-1.35 -1.25 |-1.31 -1.19

100E -1.38 -1.26 |-1.38 -1.26 | -1.38 -1.26
IIH Input HIGH Current 150 150 150 pA
IEE Power Supply Current mA

10E 135 162 135 162 135 162

100E 135 162 135 162 155 186
Vpp(DC) | Input Sensitivity 50 50 50 mv 1
VCMR Common Mode Range -1.5 0 -15 0 -1.5 0 \% 2

1. Differential input voltage required to obtain a full ECL swing on the outputs.
2. VcMR is referenced to the most positive side of the differential input signal. Normal operation is obtained when the input signal are within the
VCMR range and the input swing is greater than Vpp N and < 1.0V

AC CHARACTERISTICS (VEg = VEE(min) to VEE(max); Vcc = Voco = GND)

0°C 25°C 85°C

Symbol Characteristic min  typ max | min typ max | min typ max | Unit | Condition
tPLH Propagation Delay to Output ps
tPHL d(Diff) 250 350 500 | 250 350 500 | 250 350 500

D(SE) 200 350 550 | 200 350 550 | 200 350 550
tSKEW Within-Device Skew 50 50 .50 ps 1
tSKEW Duty Cycle Skew

tPLH-tPHL +10 +10 +10 ps 2
Vpp(AC) | Minimum Input Swing 150 150 150 mv 3
tr Rise/Fall Time
tf 20 - 80% 100 200 350 | 100 200 350 | 100 200 350 ps

-

. Within-device skew is defined as identical transitions on similar paths through a device.

2. Duty cycle skew defined only for differential operation when the delays are measured from the cross point of the inputs to the cross point of
the outputs.

3. Minimum input swing for which AC parameters are guaranteed.
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3-Bit Differential Flip-Flop

The MC10E/100E431 is a 3-bit flip-flop with differential clock, data
input and data output.

The asynchronous Set and Reset controls are edge-triggered rather
than level controlled. This allows the user to rapidly set or reset the
flip-flop and then continue clocking at the next clock edge, without the
necessity of de-asserting the set/reset signal (as would be the case with a
level controlled set/reset).

The E431 is also designed with larger internal swings, an approach
intended to minimize the time spent crossing the threshold region and
thus reduce the metastability susceptibility window.

The differential input structures are clamped so that the inputs of
unused registers can be left open without upsetting the bias network of
the device. The clamping action will assert the D and the CLK sides of the
inputs. Because of the edge triggered flip-flop nature of the device
simultaneously opening both the clock and data inputs will result in an
output which reaches an unidentified but valid state. Note that the input
clamps only operate when both inputs fall to 2.5V below Vcc.

o Edge-Triggered Asynchronous Set and Reset

o Differential D, CLK and Q; Vg Reference Available

o 1100MHz Min. Toggle Frequency

o Extended 100E VEE Range of — 4.2V to — 5.46V
Pinout: 28-Lead PLCC (Top View)

Vgg CLK2 CIK2 Do Dy Ry S
i N e I S e O N Y s |

" ® ow @ o2 oA @ B e

ctki[] 27 171 qp
Ri[] 28 167 vee

vee [|® 5[] o
si[]2 1[] Q4
oi[s 18]
1[4 121 qq

5 6 7 8 9 0 1

LT LT L J0TT L1 0J
CLKO CLKO Dp Do Rp Sp Vecco

* All Vo and Voo pins are tied together on the die.

PIN NAMES

Pin Function
D[0:2], D[0:2] Differential Data Inputs
CLK[0:2], CLK[0:2] | Differential Clock
S[0:2] Edge Triggered Set Inputs
R[0:2] Edge Triggered Reset Input
VBB Vpg Reference Output
Q[o:2], Q[0:2] Differential Data Outputs

5/95

MC10E431
MC100E431

3-BIT DIFFERENTIAL
FLIP-FLOP

-

FN SUFFIX
PLASTIC PACKAGE
CASE 776-02

LOGIC DIAGRAM
Sp ———I

Dy — s
— D QF— Qo
Dg—q

CLKO

CLKO R
Ry ————1
Dy — S
) D al— o
D1 —Q

o— Q@

[=]]

LK1 —— >
ClKi—Q R
Ay —————

[=]]
2

ol
O
N

CLK2 —] b
CLke—Q R

Rg—————'

Vgg +——
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MC10E431 MC100E431

FUNCTION TABLE
Dn CLKn Rn Sn Qn

L z L L L
H z L L H
X X z L L
X X L 4 H

Z = Low to high transition

X=Don't Care

DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)

-40°C 0°C 25°C 85°C
Symbol Characteristic Min Typ Max | Min Typ Max | Min Typ Max | Min Typ Max | Unit | Cond
VBB Output Reference v
Voltage 10E | -1.43 -1.30 | -1.38 -1.27 | -1.35 -1.25 | -1.31 -1.19
100E | -1.38 -1.26 | -1.38 -1.26 | -1.38 -1.26 | -1.38 -1.26
IIH Input HIGH 150 150 150 | 150 pA
Current
IEE Power Supply mA
Current 10E 10 132 | 110 132 110 132 110 132
100E 10 132 | 110 132 110 132 127 152
VcMR | Common Mode -1.5 0 -1.5 0 -1.5 0 -1.5 0 v 1
Range

1. VcMR is referenced to the most positive side of the differential input signal. Normal specified operation is obtained when the input signals are
within the VCMR range and the input swing is greater than Vpp.

AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)

-40°C 0°C to 85°C
Symbol Characteristic Min Typ Max Min Typ Max Unit | Condition
fMAX Maximum Toggle Frequency 1000 1400 1100 1400 MHz
tPLH Propagation Delay to Output CLK (Diff) 410 600 790 450 600 750 ps
tPHL CLK (SE) | 460 600 840 400 600 800

R 500 725 975 550 725 925

S| 500 725 975 550 725 925
ts Setup Time D| 250 0 200 0 ps

R | 1100 700 1000 700 1

S| 1100 700 1000 700 1
tH Hold Time D| 250 0 200 0 ps
tpw Minimum Pulse Width CLK | 400 400 ps
tskew Within-Device Skew 50 50 ps 2
Vpp Minimum Input Swing 150 150 mV 3
i/t Rise/Fall Times 250 450 700 275 450 650 ps 20-80%

1. These setup times define the minimum time the CLK or SET/RESET input must wait after the assertion of the RESET/SET input to assure the
proper operation of the flip-flop.

2. Within-device skew is defined as identical transitions on similar paths through a device.

3. Minimum input swing for which AC parameters are guaranteed.
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4-Bit Serial/Parallel Converter MC10E445
The MC10/100E445 is an integrated 4-bit serial to parallel data Mc" 00E445

converter. The device is designed to operate for NRZ data rates of up to
2.0Gb/s. The chip generates a divide by 4 and a divide by 8 clock for both
4-bit conversion and a two chip 8-bit conversion function. The conversion
sequence was chosen to convert the first serial bit to QO, the second to

Qt etc.
e On-Chip Clock +4 and +8 4-BIT SERIAL/
e 2.0Gb/s Data Rate Capability PARALLE ONVERTER
o Differential Clock and Serial Inputs A LLELC
o Vppg Output for Single-Ended Input Applications
e Asynchronous Data Synchronization
e Mode Select to Expand to 8-Bits
o Internal 75kQ Input Pulldown Resistors
e Extended 100E VEE Range of —4.2V to -5.46V
Two selectable serial inputs provide a loopback capability for testing
purposes when the device is used in conjunction with the E446 parallel to =
serial converter.
The start bit for conversion can be moved using the SYNC input. A
single pulse applied asynchronously for at least two input clock cycles FN SUFFIX
shifts the start bit for conversion from Qn to Qn—1. For each additional PL%SAI;% ;;\g'ggGE

shift required an additional pulse must be applied to the SYNC input.
Asserting the SYNC input will force the internal clock dividers to “swallow”
a clock pulse, effectively shifting a bit from the Qn to the Qn—1 output (see
Timing Diagram B).

The MODE input is used to select the conversion mode of the device. With the MODE input LOW, or open, the device will
function as a 4-bit converter. When the mode input is driven HIGH the data on the output will change on every eighth clock cycle
thus allowing for an 8-bit conversion scheme using two E445’s. When cascaded in an 8-bit conversion scheme the devices will
not operate at the 2.0Gb/s data rate of a single device. Refer to the applications section of this data sheet for more information on
cascading the E445.

For lower data rate applications a VBp reference voltage is supplied for single-ended inputs. When operating at clock rates
above 500MHz differential input signals are recommended. For single-ended inputs the VR pin is tied to the inverting differential
input and bypassed via a 0.01uF capacitor. The VR provides the switching reference for the input differential amplifier. The Vg
can also be used to AC couple an input signal, for more information on AC coupling refer to the interfacing section of the design
guide in the ECLIinPS™ data book.

Upon power-up the internal flip-flops will attain a random state. To synchronize multiple E445’s in a system the master reset
must be asserted.

Q
=
PIN NAMES SINASINA & & MODE NC Vgco
Pin Function o N I e Y s Y s N e N
25 24 23 2 20 20 19
SINA, SINA Differential Serial Data Input A SINB [|26 18 [] sout
SINB, SINB Differential Serial Data Input B J— R
SEL Serial Input Selector Pin SINB [[27 17 ;' sout
Q0-Q3 Parallel Data Outputs
CLK, CLK Differential Clock Inputs SEL [}28 . 16 [ Vee
CL/4, CLUA Differential +4 Clock Output vge [|§| Pinout: 28-Lead PLCC 5 g
CL/8,CL/8 Differential +8 Clock Output (Top View)
MODE Conversion Mode 4-Bit/8-Bit ck 2 14 D Qi
SYNCH Conversion Synchronizing Input _
CIK[]3 13 [] Veco
FUNCTION TABLES ves [14 12 [
Mode Conversion SEL Serial Input 5 6 7 8 9 10 1
L 4-Bit H A A =
H 8-Bit L B CL/8 CL/8 Vpco CLU4 CL/4Voco Q3
7/96
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MC10E445 MC100E445

LOGIC DIAGRAM
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CLK >
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DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)

MC10E445 MC100E445

0°C 25°C 85°C

Symbol Characteristic Min Typ Max Min Typ Max Min Typ Max | Unit | Condition
IIH Input HIGH Current 150 150 150 pA
VoH Ouput HIGH Current v

10E (SOUT Only) -1020 =790 | -980 -760 | -910 -670 1

100E (SOUT Only) -1025 -830 | -1025 —830 |-1025 -830 1
Ve Output Reference Voltage v

-1.38 -1.27 | -1.35 -1.25 | -1.31 -1.19

100E -1.38 -1.26 | -1.38 -1.26 | -1.38 -1.26
IEE Power Supply Current mA

10E 154 185 154 185 154 185

100E 154 185 154 185 177 212

1. Themaximum VoH limit was relaxed from standard ECL due to the high frequency output design. All other outputs are specified with the standard
10E and 100E VQH levels.

AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Ve = VCco = GND)

0°C 25°C 85°C
Symbol Characteristic Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit | Condition
fMAX Maximum Conversion Frequency | 2.0 2.0 2.0 Gb/s
NRZ

tPLH Propagation Delay to Output ps
tPHL KtoQ 1500 | 1800 [ 2100 ( 1500 | 1800 | 2100 | 1500 | 1800 | 2100

CLKto SOUT 800 | 975 | 1150 | 800 | 975 | 1150 | 800 | 975 | 1150

CLKto CL/4 1100 | 1325 | 1550 | 1100 | 1325 | 1550 | 1100 | 1325 | 1550

CLK to CL/8 1100 | 1325 | 1550 | 1100 | 1325 | 1550 | 1100 | 1325 | 1550
ts Setup Time ps

SINA, SINB =100 | -250 -100 | —250 -100 | ~250

SEL 0 —200 0 —200 0 ~200
th Hold Time ps

SINA, SINB, SEL 450 | 300 450 | 300 450 | 300
tRR Reset Recovery Time 500 | 300 500 | 300 500 | 300 ps
tpw Minimum Pulse Width ps

CLK, MR 400 400 400
t Rise/Fall Times ps | 20%-80%
t SOuT 100 | 225 | 350 | 100 | 225 | 350 | 100 | 225 | 350

Other 200 [ 425 | 650 | 200 | 425 | 650 | 200 | 425 | 650
ECLinPS and ECLInPS Lite 2-125 MOTOROLA
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MC10E445 MC100E445

TIMING DIAGRAMS

Qo < X Dn-4 X Dn X
Qi < X Dn-3 X Dn+1 X
Q2 X Dn-2 X Dn+2 X
a3 X DrT X B3 X
sout XX X X X X X Dn-4 XDn3 X Dn-2 X Dn1 X_Dn X Bt X D2 X D X X

w__ TN TN T
cus / \ / |

Timing Diagram A. 1:4 Serial to Parallel Conversion

ok M\
SN X X X Dn-4 X Dn-3 X Dn-2 X Dn-1 X_Dn_X Dn+1 X Dne2 X Dn+3 X X ) G
RESET —  \

SYNC / \
Q0 X Dn-4 X___Dntt
Qt X Dn-3 X___Dn+2
Q2 X Dn-2 X Dn+3
Q3 < X Dn-1 X___Dni4
sout X X X X X XX Dna X Dn-3 X Dn-2 X Do X_Dn

ow_____ /T N/ /I
cus / —\ /[ \__

Timing Diagram B. 1:4 Serial to Parallel Conversion With SYNC Pulse
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MC10E445 MC100E445

APPLICATIONS INFORMATION

The MC10E/100E445 is an integrated 1:4 serial to parallel
converter. The chip is designed to work with the E446 device
to provide both transmission and receiving of a high speed
serial data path. The E445, can convert up to a 2.0Gb/s NRZ
data stream into 4-bit parallel data. The device also provides
a divide by four clock output to be used to synchronize the
parallel data with the rest of the system.

The E445 features multiplexed dual serial inputs to
provide test loop capability when used in conjunction with the
E446. Figure 1 illustrates the loop test architecture. The
architecture allows for the electrical testing of the link without
requiring actual transmission over the serial data path
medium. The SINA serial input of the E445 has an extra
buffer delay and thus should be used as the loop back serial
input.

— Sout | TO SERIAL
PARALLEL — sout :> > MEDIUM
DATA ___|

—_ w—

T
p— FROM
I MEDIUM

Figure 1. Loopback Test Architecture

The E445 features a differential serial output and a divide
by 8 clock output to facilitate the cascading of two devices to
build a 1:8 demultiplexer. Figure 2 illustrates the architecture
for a 1:8 demultiplexer using two E445's; the timing diagram
for this configuration can be found on the following page.
Notice the serial outputs (SOUT) of the lower order converter
feed the serial inputs of the the higher order device. This feed
through of the serial inputs bounds the upper end of the
frequency of operation. The clock to serial output
propagation delay plus the setup time of the serial input pins
must fit into a single clock period for the cascade architecture
to function properly. Using the worst case values for these
two parameters from the data sheet, TPD CLK to SOUT =
1150ps and tS for SIN = —100ps, yields a minimum period of
1050ps or a clock frequency of 950MHz.

The clock frequency is significantly lower than that of a
single converter, to increase this frequency some games can
be played with the clock input of the higher order E445. By
delaying the clock feeding the second E445 relative to the
clock of the first E445 the frequency of operation can be

increased. The delay between the two clocks can be
increased until the minimum delay of clock to serial out would
potentially cause a serial bit to be swallowed (Figure 3).

CLOCK
CLOCK
\—> Ed445a > E445h
ot ]S sour sIv
DatA —— SN SoUT SN
Q3 Q2 Q1 Q0 Q3 Q2 Q1 Q0
Q7 Q6 Q5 Q4 Q3 Q2 Q1 Q0
PARALLEL OUTPUT DATA

——j |<— 100ps
CLOCK | I

Tpd CLK — 71—

to SOUT
800ps ~!

1150ps |

Figure 2. Cascaded 1:8 Converter Architecture

With a minimum delay of 800ps on this output the clock for
the lower order E445 cannot be delayed more than 800ps
relative to the clock of the first E445 without potentially
missing a bit of information. Because the setup time on the
serial input pin is negative coincident excursions on the data
and clock inputs of the E445 will result in correct operation.

CLOCKA

CLOCKB

Tpd CLK
to SOUT

800ps ——! J
1150ps

Figure 3. Cascade Frequency Limitation

ECLInPS and ECLInPS Lite
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MC10E445 MC100E445

Perhaps the easiest way to delay the second clock relative
to the first is to take advantage of the differential clock inputs
of the E445. By connecting the clock for the second E445 to
the complimentary clock input pin the device will clock a half
a clock period after the first E445 (Figure 4). Utilizing this
simple technique will raise the potential conversion

CLOCK
CLOCK X
—> Ed45a > Ed4sb
Wer s s w
DATA ——] SN SouUT SN
3 Q2 Q1 QO 03 Q2 Q1 Q0
Q7 Q6 Q5 Q4 Q3 Q2 Q1 Q0
PARALLEL OUTPUT DATA

frequency up to 1.4GHz. The divide by eight clock of the
second E445 should be used to synchronize the parallel data
to the rest of the system as the parallel data of the two E445’s
will no longer be synchronized. This skew problem between
the outputs can be worked around as the parallel information
will be static for eight more clock pulses.

e i — o

CLOCKA ' | | |
CLOCKB | | I I
Tpd CLK — T
topSOUT
800ps |
1150ps {

Figure 4. Extended Frequency 1:8 Demultiplexer

LOVAANVAANV AV WA WA WA WA WA WA WA WA

SINa —_ XXX Dnd X D3 X Dn2 XD X_bn_XDnet Xone2 Xonea X X X XX X
Qo — X XC Dn-4
ai X X Dn-3
Q2 X X Dn-2
a3 X X Dn-1
Q4(Q0a) X X_ Dn__
Q5(Q1 a) X X D+l
Q6(Q23) — X X Dn+2
Q7(Q3a) — X X Dn+3
souta XXX X X X X Dn-4 X_Dn-3 X_Dn2 X_bn-1 X_Dn X Dned X D2 X Dnea X X

SOUT _X X X X X X X X

X X X_Dn-4 X_Dn-3 X_Dn-2 X_Dn-1 Dn_X Dn+1

we___ TN\ N T\
we___ TN\ N T

ClL/ga / \
CL/gb / ~
Timing Diagram A. 1:8 Serial to Parallel Conversion
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4-Bit Parallel/Serial Converter

The MC10E/100E446 is an integrated 4-bit parallel to serial data
converter. The device is designed to operate for NRZ data rates of up to
1.3Gb/s. The chip generates a divide by 4 and a divide by 8 clock for both
4-bit conversion and a two chip 8-bit conversion function. The conversion
sequence was chosen to convert the parallel data into a serial stream
from bit DO to D3. A serial input is provided to cascade two E446 devices
for 8 bit conversion applications. Note that the serial output data clocks off
of the negative input clock transition.

On Chip Clock +4 and +8

1.5 Gb/s Typical Data Rate Capability
Differential Clock and Serial Inputs

VgB Output for Single-ended Input Applications
Asynchronous Data Synchronization

o Mode Select to Expand to 8 Bits

Internal 75kQ Input Pulldown Resistors
Extended 100E VEE Range of -4.2V to -5.46V

o

e o o

The SYNC input will asynchronously reset the internal clock circuitry.
This pin allows the user to reset the internal clock conversion unit and
thus select the start of the conversion process.

The MODE input is used to select the conversion mode of the device.
With the MODE input LOW, or open, the device will function as a 4-bit
converter. When the mode input is driven HIGH the internal load clock will

MC10E446
MC100E446

4-BIT PARALLEL/
SERIAL CONVERTER

-

FN SUFFIX
PLASTIC PACKAGE
CASE 776-02

change on every eighth clock cycle thus allowing for an 8-bit conversion scheme using two E446’s. When cascaded in an 8-bit
conversion scheme the devices will not operate at the 1.3Gb/s data rate of a single device. Refer to the applications section of

this data sheet for more information on cascading the E446.

For lower data rate applications a VBp reference voltage is supplied for single-ended inputs. When operating at clock rates
above 500MHz differential input signals are recommended. For single-ended inputs the Vg pin is tied to the inverting differential
input and bypassed via a 0.01uF capacitor. The VBp provides the switching reference for the input differential amplifier. The Vg
can also be used to AC couple an input signal, for more information on AC coupling refer to the interfacing section of the design

guide in the ECLInPS™ data book.

Pinout: 28-Lead PLCC (Top View)

[ Ne
/e

1 Vee
] sout
] SouT
[1Veco

ne

PIN NAMES
Pin Function Do DI D2 D3 MODE NC NC
s N e Y e O e O s O s Y s |
SIN Differential Serial Data Input 25 24 28 2 2t 20 19
Do -D3 Parallel Data Inputs CLK |: 2% 18
SOUT, SOUT | Differential Serial Data Output J—
CLK, CLK Differential Clock Inputs CIK {27 7
ClL/4, Cl/4 Differential +4 Clock Output
cL/8, CL78 Differential +8 Clock Output Vas []28 16
MODE Conversion Mode 4-Bit/8-Bit
SYNC Conversion Synchronizing Input vee [jO 15
FUNCTION TABLES 'k “
Mode Conversion SIN[]3 13
L 4-Bit svNC [] 4 "
H 8-Bit
5 6 7 8 9 10 1
Sy s
Veoo CLB CL/8 Vgco Cl4 CLA Voo
7% @ MOTOROLA
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LOGIC DIAGRAM
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MC10E446 MC100E446

DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); VCC = VcCO = GND)

0°C 25°C 85°C
Symbol Characteristic Min | Typ | Max Min | Typ | Max Min | Typ | Max | Unit | Condition
IH Input HIGH Current 150 150 150 | pA
VoH Output HIGH Voltage \
10E (SOUT Only) | —1020 ~790 | -980 -760 | -910 -670 1
100E (SOUT Only) | —1025 -830 | —-1025 -830 |-1025 -830 1
VBB Output Reference Voltage 10E | —1.38 -1.27 | -1.35 -1.25 | -1.31 -1.19 \
100E | —1.38 -1.26 | -1.38 -1.26 | -1.38 -1.26
IEE Power Supply Current 10E 126 151 126 151 126 151 mA
100E 126 | 151 126 151 145 | 174

1. Themaximum VoH limitwas relaxed from standard ECL due to the high frequency output design. All other outputs are specified with the standard
10E and 100E Vo levels.

AC CHARACTERISTICS (VEE = VEE(min) to VEE(max): VCC = VCcco = GND)

0°C 25°C 85°C
Symbol Characteristic Min | Typ | Max Min | Typ | Max Min | Typ | Max | Unit | Condition
FmaX | Max Conversion Frequency 1.3 1.6 1.3 1.6 1.3 1.6 Gb/s
NRzZ
tPLH Propagation Delay to Output ps
tPHL CLK to SOUT? [ 1020 | 1200 | 1480 | 1020 | 1200 | 1480 | 1020 | 1200 | 1480
CLKtoCL/4 | 650 | 850 | 1050 | 650 | 850 | 1050 | 650 | 850 | 1050
CLKtoCL/8 [ 800 | 1050 | 1300 800 | 1050 | 1300 800 | 1050 | 1300
SYNC to CL/4,CL/8 | 650 850 | 1100 650 850 | 1100 650 850 | 1100
ts Setup Time2 SIN,Dn | -200 | -450 -200 | —450 -200 | -450 ps
th Hold Time2 SIN,Dn | 900 | 650 900 | 650 900 | 650 ps
tRR Reset Recovery Time SYNC | 500 | 300 500 | 300 500 | 300 ps
tpw Min Pulse Width  CLK, MR | 300 300 300 ps
tr Rise/Fall Times SOUT | 100 | 225 | 350 100 | 225 | 350 100 | 225 | 350 ps | 20%-80%
[ Other | 200 425 650 200 425 650 200 425 650

1. Propagation delays measured from negative going clock edge.
2. Relative to negative clock edge.

Timing Diagrams

DO X Do-1 X D0-2 )
D1 X D1-1 X Di-2 X
D2 X D2-1 X D2-2 X
D3 X D31 X D3-2 X
souTt (D01 XDi=1 X D21 XD3-1 XD0-2 X Di-2 X D2-2 X D32 X X
Cl4 /S \ / \ /
cus / \ /
Timing Diagram A. 4:1 Parallel to Serial Conversion
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MC10E446 MC100E446

Applications Information

The MC10E/100E446 is an integrated 4:1 parallel to serial
converter. The chip is designed to work with the E445 device
to provide both transmission and receiving of a high speed
serial data path. The E446 can convert 4 bits of data into a E4468 E446A
1.3Gb/s NRZ data stream. The device features a SYNG input _> > Sorl
which allows the user to reset the internal clock circuitry and | ata
restart the conversion sequence (see timing diagram A). Sout SIN - SOUT E>

souT SIN  SOUT |—
The E446 features a differential serial input and internal

divide by 8 circuitry to facilitate the cascading of two devices 03 G2 01 Q0 03 Q2 01 Qo
to build a 8:1 multiplexer. Figure 1 illustrates the architecture
for a 8:1 multiplexer using two E446'’s; the timing diagram for l [ | l l | | l
this configuration can be found on the following page. Notice Q7 Q6 Q5 Q4 Q3 Q2 Q1 Q0
the serial outputs (SOUT) of the lower order converter feed
the serial inputs of the the higher order device. This feed
through of the serial inputs bounds the upper end of the Parallel Data
frequency of operation. The clock to serial output
propagation delay plus the setup time of the serial input pins . " .
must fit into a single clock period for the cascade architecture | 1000ps i < 6000s
to function properly. Using the worst case values for these CLOCK _‘—I—I— P
two parameters from the data sheet, TPD CLK to SOUT =
1480ps and tS for SIN = —200ps, yields a minimum period of Tpd CLK T
1280ps or a clock frequency of 780MHz. top ‘éom

The clock frequency is somewhat lower than that of a e 1000ps ——]
single converter, to increase this frequency some games can 1600ps
be played with the clock input of the higher order E446. By
delaying the clock feeding E446A relative to the clock of
E446B the frequency of operation can be increased. Figure 1. Cascaded 8:1 Converter Architecture

(o]
=2
=

(@]
2
A

T o 2N 2N NI N N N AN N N N Y N A N s

RESET \_

Do X D01 X D0-2
D1 X Di-1 X Di-2
D2 X D2-1 X D2-2
D3 X D31 X D3-2
D4 (DOB) X D4-1 X D4-2
D5 (D1B) X D5-1 X D5-2
D6 (D2B) X D61 X D6-2
D7 (D3B) X D7-1 X D7-2
sout {01 X D1=1 X D21 X D31 X D41 XD5-1 X D6-1 X D71 X_D0-2X
ous /e N e Y
CLB / \ /S
Timing Diagram B. 8:1 Parallel to Serial Conversion
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

6-Bit D Register Differential
ata and Clock

The MC10E/100E451 contains six D-type flip-flops with single-ended
outputs and differential data inputs. The common clock input is also
differential. The registers are triggered by a positive transition of the
positive clock (CLK) input.

A HIGH on the Master Reset (MR) input resets all Q outputs to LOW.
The VBB output is intended for use as a reference voltage for
single-ended reception of ECL signals to that device only. When using for
this purpose, it is recommended that Vgpg is decoupled to Vgg via a
0.01pF capacitor.

The differential input structures are clamped so that the inputs of
unused registers can be left open without upsetting the bias network of
the device. The clamping action will assert the D and the CLK sides of the
inputs. Because of the edge triggered flip-flop nature of the device
simultaneously opening both the clock and data inputs will result in an
output which reaches an unidentified but valid state. Note that the input
clamps only operate when both inputs fall to 2.5V below Vcc.

o Differential Inputs: Data and Clock

o Vgp Output

o 1100MHz Min. Toggle Frequency

o Asynchronous Master Reset

o Extended 100E VEE Range of — 4.2V to — 5.46V
o 75kQ Input Pulldown Resistors

Ds D5 Dy Ds D3 D3 Veoo
i T s Y e T e s Y O

25 24 23 2 2 20 19
ok [ 26 18 ;l 05
veg [ 27 17[] a4
CIK [ 28 18] vee
vee [0 Pinout: 28-Lead PLCC 15[] a3
(Top View)
MR [ 2 14[Jveco
ne[]3 1Bl
Do []4 12f [Qq
5 6 7 8 9 10 11
700 LT 1TJ LT 1TJ
Do Dy Dy D2 D2 Veco Qo
* All Ve and Voo pins are tied together on the die.
PIN NAMES
Pin Function
Do-Ds +Data Input
Do-Ds - Data Input
CLK +Clock Input
CLK — Clock Input
MR Master Reset Input
VBB Vgg Output
Qp— Qs Data Outputs
12/93

MC10E451
MC100E451

6-BIT D REGISTER
DIFFERENTIAL
DATA AND CLOCK

FN SUFFIX
PLASTIC PACKAGE
CASE 776-02

LOGIC DIAGRAM
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MC10E451 MC100E451

DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)

0°C 25°C 85°C
Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
VeB Output Reference Voltage \
10E -1.3 -12 | -13 -12 | -13 -1.1
7 5 1 9
100E -1.3 -12 | -13 -12 | <13 -1.2
8 6 6 8 6
IIH Input HIGH Current 150 150 150 pA
IEE Power Supply Current mA
10E 84 101 84 101 84 101
100E 84 101 84 101 97 116
VCMR Common Mode Range -2.0 -04 | -20 -041-20 -04 \ 2

1. VMR is referenced to the most positive side of the differential input signal. Normal operation is obtained when the “HIGH” input is within the
VCMR range and the input swing is greater than Vpp piN and < 1.0V.

AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)

0°C 25°C 85°C
Symbol Characteristic min typ max | min typ max | min typ max | Unit | Condition
fMAX Max, Toggle Frequency 1100 1400 1100 1400 1100 1400 MHz
tPLH Propagation Delay to Output ps
tPHL CLK (Diff) 475 650 800 [ 475 650 800 | 475 650 800
CLK (SE) 425 650 850 | 425 650 850 | 425 650 850
MR 425 600 850 | 425 600 850 | 425 600 850
ts Setup Time ps
D 150 -100 150 —100 150 -100
' th Hold Time ps
D 250 100 250 100 250 100
Vpp(AC) Minimum Input Swing 150 150 159 mV 1
RR Reset Recovery Time 750 600 750 600 750 600 ps
tpw Minimum Pulse Width ps
CLK, MR 400 400 400
tSKEW Within-Device Skew 100 100 100 ps 2
tr Rise/Fall Times ps
i 20 - 80% 275 450 800 | 275 450 800 | 275 450 800
1. Minimum input voltage for which AC parameters are guaranteed.
2. Within-device skew is defined as identical transitions on similar paths through a device.
MOTOROLA 2-134 ECLinPS and ECLInPS Lite
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

5-Bit Differential Register MC10E452
MC100E452

The MC10E/100E452 is a 5-bit differential register with differential data
(inputs and outputs) and clock. The registers are triggered by a positive
transition of the positive clock (CLK) input. A high on the Master Reset
(MR) asynchronously resets all registers so that the Q outputs go LOW.

The differential input structures are clamped so that the inputs of
unused registers can be left open without upsetting the bias network of
the device. The clamping action will assert the D and the CLK sides of the 5-BIT DIFFERENTIAL
inputs. Because of the edge triggered flip-flop nature of the device
simultaneously opening both the clock and data inputs will result in an REGISTER
output which reaches an unidentified but valid state. Note that the input
clamps only operate when both inputs fall to 2.5V below Vcc.

The fully differential design of the device makes it ideal for very high
frequency applications where a registered data path is necessary.

o Differential D, CLK and Q; Vpp Reference Available
o 1100MHz Min. Toggle Frequency

o Asynchronous Master Reset

o Extended 100E VEE Range of — 4.2V to — 5.46V

Pinout: 28-Lead PLCC (Top View) EN SUFFIX
Dy D3 Ds Dz Vogo Q4 Og PLASTIC PACKAGE
B e CASE 776-02
% 24 28 2 21 20 19
MR [ 26 18[]a3
7o
ok s 0 LOGIC DIAGRAM
tk 28 16[] Ve o
_ 2 ;l D o— q
VEE I:@ 15]02 Do o— Og
vas L2 14y F>> A
_ I
5z 3 1oy b
o b a— o
0o [4 12[qy Dy o— a;

5 6 7 8 9 10 1 ;|>
Iy gy sy sy sy i R
Dy Dy Dg Dp Veco @ Qo '
D:
* All Vo and Voo pins are tied together on the die. —D—2 OD D AP— Q@
2 o—
=
R
I
s s d—o
8 lo— Q3
|
mp
i
PIN NAMES D,
24 ———— Q
Pin Function Dy OD D a 4
— o—— Q4
D[0:4], D[0:4] Differential Data Inputs '_3>
MR Master Reset Input CLK - — R
CLK, CLK Differential Clock Input CLK |
VBB VBB Reference Output MR
Q[0:4], Q[0:4] Differential Data Outputs Vpg —~

1252 RMOTOROLA
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MC10E452 MC100E452

DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)

-40°C 0°C 25°C 85°C
Symbol Characteristic Min Typ Max | Min Typ Max | Min Typ Max | Min Typ Max | Unit | Cond
VBB Output Reference \
Voltage 10E | -1.43 -1.30 | -1.38 -1.27 | -1.35 -1.25 | -1.31 -1.19
100E | -1.38 -1.26 | -1.38 -1.26 [ -1.38 -1.26 [ -1.38 -1.26
IIH Input HIGH 150 150 150 150 HA
Current
IEE Power Supply mA
Current 10E 74 89 74 89 74 89 74 89
100E 74 89 74 89 74 89 85 102
VcMR | Common Mode -2.0 -04 | -2.0 -04 | 2.0 -04 | 2.0 -0.4 Vv 1
Range

1. VCMR is referenced to the most positive side of the differential input signal. Normal specified operation is obtained when the input signals are
within the VCMR range and the input swing is greater than Vpp.

AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)

-40°C 0°C to 85°C

Symbol Characteristic Min Typ Max Min Typ Max | Unit | Condition
fMAX Maximum Toggle Frequency 1000 1400 1100 1400 MHz
tPLH Propagation Delay to Output CLK (Diff) 425 600 850 475 600 800 ps
tPHL CLK(SE) | 375 600 900 425 600 850

MR | 375 625 900 425 625 850
ts Setup Time D 175 ~-50 150 -50 ps
tH Hold Time D| 225 50 200 50 ps
tRR Reset Recovery Time 750 450 700 450
tPw Minimum Pulse Width CLK 400 400 ps

MR | 400 400
tskew Within-Device Skew 50 50 ps 1
Vpp Minimum Input Swing 150 150 mV 2
i/t Rise/Fall Times 250 475 725 275 475 675 ps 20-80%

1. Within-device skew is defined as identical transitions on similar paths through a device.

2. Minimum input swing for which AC parameters are guaranteed.
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Triple Differential 2:1
Multiplexer

The MC10E457/100E457 is a 3-bit differential 2:1 multiplexer. The fully
differential data path makes the device ideal for multiplexing low skew
clock or other skew sensitive signals. Multiple Vgg pins are provided to
ease AC coupling input signals.

The higher frequency outputs provide the device with a >1.0GHz
bandwidth to meet the needs of the most demanding system clock.

Both, separate selects and a common select, are provided to make the
device well suited for both data path and random logic applications.

The differential inputs have internal clamp structures which will force
the Q output of a gate in an open input condition to go to a LOW state.
Thus, inputs of unused gates can be left open and will not affect the
operation of the rest of the device. Note that the input clamp will take

MC10E457
MC100E457

TRIPLE DIFFERENTIAL
2:1 MULTIPLEXER

affect only if both inputs fall 2.5V below Vcc.

o Differential D and Q; Vpp available

o 700ps Max. Propagation Delay

o High Frequency Outputs

o Separate and Common Select

o Extended 100E VEE Range of —4.2V to —5.46V
o Internal 75kQ2 Input Pulldown Resistors

PIN NAMES
Pin Function
Dn[0:2]; Dn[0:2] Differential Data Inputs
SEL Individual Select Input
COMSEL Common Select Input
VBB VBB Reference Output

Q[o:2], Q[0:2] Differential Data Outputs

FUNCTION TABLE
SEL Data
H a
L b
12/93

-

ot

FN SUFFIX
PLASTIC PACKAGE
CASE 776-02

Pinout: 28-Lead PLCC (Top View)

SEL2 Doa Doa Vpg Dob Dob COMSEL
s I o O e A e T s Y s N o

% % 2B 2 21 20 18

set [ 26 18]
paller| 17[]ap
Dra[|28 16[]vec
vee []O 5[]
veg []2 4[]y
5wl o[l
Dib |: 4 . 12 :| Q

5 6 7 8 9 10

N I S Ny
SELO Dga Doa Veg Dgb Dob Veco

* All Voe and Voo pins are tied together on the die.
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MC10E457 MC100E457

LOGIC DIAGRAM

Doa
Dpa—0 Qo
Dob Qo
Dgb O

SELO ’
Dia— }
Da—9 Q
Dib—j Q
Dp—+O

SEL1— ’

Doa —
Bpa—1-O Q
Dob — ®
Db—10
SEL2— )

COMSEL —
Vg =7

DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = Vcco = GND)

-40°C 0°C 25°C 85°C
Symbol Characteristic Min Typ Max [ Min Typ Max | Min Typ Max | Min Typ Max | Unit | Cond
VBB Output Reference N
Voltage 10E | -1.43 -1.30 | -1.38 -1.27 | -1.35 -1.25 | -1.31 -1.19
100E | -1.38 -1.26 | -1.38 -1.26 | -1.38 -1.26 | -1.38 -1.26
IIH Input HIGH 150 150 150 150 pA
Current
IEE Power Supply mA
Current 10E 92 110 92 110 92 110 92 110
100E 92 110 92 110 92 110 106 127
Vpp(DC) | Input Sensitivity 50 50 50 50 mV 1
VCMR Commom Mode -1.5 0 -1.5 0 -1.5 0 -15 0 \ 2
Range

1. Differential input voltage required to obtain a full ECL swing on the outputs.
2. VcMmRis defined as the range within which the V| level may vary, with the device still meeting the propagation delay specification. The V||_level
must be such that the peak to peak voltage is less than 1.0 V and greater than or equal to Vpp(min).

MOTOROLA 2-138 ECLinPS and ECLInPS Lite
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MC10E457 MC100E457

AC CHARACTERISTICS (VEEg = VEE (min) to VEE (max); Vcc = Vcco = GND)

0°C 0°C to 85°C
Symbol Characteristic Min Typ Max Min Typ Max Unit | Condition
tPLH Propagation Delay to Output ps
tPHL D (Differential) | 325 475 700 375 475 650

D (Single-Ended) | 275 475 750 325 475 700
SEL| 300 500 775 350 500 725
COMSEL | 325 525 800 375 525 750

tskew Within-Device Skew 40 40 ps 1
tskew Duty Cycle Skew tPLH — tPHL +10 +10 ps 2
Vpp(AC) | Minimum Input Swing 150 150 mV 3
ity Rise/Fall Time 125 275 500 150 275 450 ps 20-80%

1. Within-device skew is defined as identical transitions on similar paths through a device.

2. Duty cycle skew is defined only for differential operation when the delays are measured from the cross point of the inputs to the cross point
of the outputs.

3. Minimum input swing for which AC parameters are guaranteed.
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Dual ECL Output Comparator
With Latch

The MC10E1651 is functionally and pin-for-pin compatible with the
MC1651 in the MECL Ill family, but is fabricated using Motorola’s
advanced MOSAIC Il process. The MC10E1651 incorporates a fixed
level of input hysteresis as well as output compatibility with 10KH logic
devices. In addition, a latch is available allowing a sample and hold
function to be performed. The device is available in both a 16-pin DIP and
a 20-pin surface mount package.

The latch enable (LENg and LENp) input pins operate from standard
ECL 10KH logic levels. When the latch enable is at a logic high level the
MC10E1651 acts as a comparator, hence Q will be at a logic high level if
V1 > V2 (V1 is more positive than V2). Q is the complement of Q. When
the latch enable input goes to a low logic level, the outputs are latched in
their present state providing the latch enable setup and hold time
constraints are met.

e Typ. 3.0 dB Bandwidth > 1.0 GHz

e Typ. V to Q Propagation Delay of 775 ps
e Typ. Output Rise/Fall of 350 ps

e Common Mode Range —2.0 V to +3.0 V
e Individual Latch Enables

o Differential Outputs
e 28mV Input Hysteresis

LOGIC DIAGRAM
Via —+
— Qa
V2a —{—
[EN; —Q o— @
Vib —+
Qb
V2b ——1—
EN, —O oO—
VEg=-5.2V
Voo =+5.0V
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MC10E1651

DUAL ECL OUTPUT
COMPARATOR
WITH LATCH

L
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FN SUFFIX
PLASTIC PACKAGE
CASE 775-02
L SUFFIX
CERAMIC PACKAGE
CASE 620-10
FUNCTION TABLE
LEN Vi, v2 Function
H Vis>V2 H
H Vi<V2 L
L X Latched
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MC10E1651

Pinout: 20-Lead PLCC (Top View) Pinout: 16-Pin Ceramic DIP (Top View)

Qb LEN, NC Vib V2b
[ 1rriri

18 17 16 15 14 — N
= GND Qb Qb LENp Vib V2b Vgc NC
Qb[“’ 1311 Vee A rarrraracir
16 15 14 13 12 11 10 9
e [ 20 12[]ne
ne [ 1 1[]ne D
GND V
g o[ vee 1 2 3 4 5 6 1 8
K 9 []vee s
4 5 6 7 8 GND Qa Qa LEN; V2a Via Vcc VEe
N I N I Ny B
Qa [EN; NC V2a Via
ABSOLUTE MAXIMUM RATINGS (Beyond which device life may be impaired)
Symbol Characteristic Min Typ Max Unit
VSUP Total Supply Voltage \
IVEEl + Vel 12.0
VPP Differential Input Voltage \
IV1-Vv2| 3.7
DC CHARACTERISTICS (VEE =-5.2V +5%; VoG = +5.0 V £5%)
0°C 25°C 85°C
Symbol Characteristic Min  Typ Max Min Typ Max Min Typ Max | Unit | Condition
VOH Output HIGH Voltage -1020 -840 | -980 -810 | -920 =735 | mV
VoL Output Low Voltage -1950 —1630 | -1950 —1630 | -1950 -1600 | mV
1] Input Current (V1, V2) 65 65 65 HA
IIH Input HIGH Current (LEN) 150 150 150
Icc Positive Supply Current 50 50 50 mA
IEE Negative Supply Current -55 -55 -55
VCMR Common Mode Range -2.0 3.0 -2.0 3.0 -2.0 3.0 \
Hys Hysteresis 27 27 30 mV
Vskew Hysteresis Skew -1.0 -1.0 0 mV 1
Cin Input Capacitance pF
DIP 3 3 3
PLCC 2 2 2

1. Hysteresis skew (Vskew) is provided to indicate the offset of the hysteresis window. For example, at 25°C the nominal hysteresis value is 27mV
and the Vgkew value indicates that the hysteresis was skewed from the reference level by 1mV in the negative direction. Hence the hysteresis
window ranged from 14mV below the reference level to 13mV above the reference level. All hysteresis measurements were determined using

a reference voltage of OmV.

ECLInPS and ECLInPS Lite
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MC10E1651

AC CHARACTERISTICS (VEg =-5.2 V £5%; VoG = +5.0 V 5%)

0°C 25°C 85°C
Symbol Characteristic Min Typ Max | Min Typ Max | Min Typ Max | Unit | Condition
tPLH Propagation Delay to Output ps 1
tPHL uo_o 600 750 900 625 775 925 700 850 1050
LENto Q 400 575 750 400 575 750 500 650 850
ts Setup Time ps
\ 450 300 450 300 550 350
th Enable Hold Time ps
v -50 250 -50 -250 -100 -250
tow Minimum Pulse Width ps
LEN 400 400 400
tskew Within Device Skew 15 15 15 ps 2
TDE Delay Dispersion ps
(ECL Levels) 100 3,4
60 3,5
TpL Delay Dispersion ps
(TTL Levels) 350 6,7
100 5,6
tr Rise/Fall Times ps
tf 20-80% 225 325 475 225 325 475 250 375 500

1. The propagation delay is measured from the crosspoint of the input signal and the threshold value to the crosspoint of the Qand Q output signals.
For propagation delay measurements the threshold level (VTHR) is centered about an 850mV input logic swing with a slew rate of 0.75 V/NS.
There is an insignificant change in the propagation delay over the input common mode range.

wn

. tskew is the propagation delay skew between comparator A and comparator B for a particular part under identical input conditions.
. Refer to figure 4 and note that the input is at 850mV ECL levels with the input threshold range between the 20% and 80% points. The delay

is measured from the crosspoint of the input signal and the threshold value to the crosspoint of the Q and Q output signals.

. The slew rate is 0.25 V/NS for input rising edges.
. The slew rate is 0.75 V/NS for input rising edges.

[

. Refer to Figure 5 and note that the input is at 2.5 V TTL levels with the input threshold range between the 20% and 80% points. The delay is

measured from the crosspoint of the input signal and the threshold value to the crosspoint of the Q and Q output signals.

7. The slew rate is 0.3 V/NS for input rising edges.

APPLICATIONS INFORMATION

The timing diagram (Figure 3) is presented to illustrate the
MC10E1651’s compare and latch features. When the signal
on the LEN pin is at a logic high level, the device is operating
in the “compare mode,” and the signal on the input arrives at
the output after a nominal propagation delay (tpHL, tPLH)- The
input signal must be asserted for a time, tg, prior to the
negative going transition on LEN and held for a time, tp,, after
the LEN transition. After time tp, the latch is operating in the
“latch mode,” thus transitions on the input do not appear at
the output. The device continues to operate in the “latch
mode” until the latch is asserted once again. Moreover, the
LEN pulse must meet the minimum pulse width (tow)
requirement to effect the correct input-output relationsﬁi
Note that the LEN waveform in Figure 3 shows the LEN
signal swinging around a reference labeled VBBINT; this
waveform emphasizes the requirement that LEN follow
typical ECL 10KH logic levels because VBB|NT is the

internally generated reference level, hence is nominally at
the ECL VBB level.

Finally, Vop is the input voltage overdrive and represents
the voltage level beyond the threshold level (VTHR) to which
.the input is driven. As an example, if the threshold level is set
on one of the comparator inputs as 80mV and the input signal
swing on the complementary input is from zero to 100mV, the
positive going overdrive would be 20mV and the negative
going overdrive would be 80mV. The result of differing
overdrive levels is that the devices have shorter propagation
delays with greater overdrive because the threshold level is
crossed sooner than the case of lower overdrive levels.
Typically, semiconductor manufactures refer to the threshold
voltage as the input offset voltage (VOS) since the threshold
voltage is the sum of the externally supplied reference
voltage and inherent device offset voltage.

MOTOROLA

2-142

ECLinPS and ECLInPS Lite
DL140 — Rev 4



VBBINT — —

MC10E1651

LEN

VIN
VTHR —_— ——

tPHL

<— tPLH(LEN)

Figure 3. Input/Output Timing Diagram

DELAY DISPERSION

Under a constant set of input conditions comparators have
a specified nominal propagation delay. However, since
propagation delay is a function of input slew rate and input
voltage overdrive the delay dispersion parameters, Tpg and
TpT, are provided to allow the user to adjust for these
variables (where TpE and TpT apply to inputs with standard
ECL and TTL levels, respectively).

Figure 4 and Figure 5 define a range of input conditions
which incorporate varying input slew rates and input voltage
overdrive. For input parameters that adhere to these
constraints the propagation delay can be described as:

TNOM £ TDE (or TDT)

where TNOM is the nominal propagation delay. TNOM
accounts for nonuniformity introduced by temperature and
voltage variability, whereas the delay dispersion parameter
takes into consideration input slew rate and input voltage
overdrive variability. Thus a modified propagation delay can
be approximated to account for the effects of input conditions
that differ from those under which the parts where tested. For
example, an application may specify an ECL input with a slew
rate of 0.25 V/NS, an overdrive of 177mV and a temperature of
25°C, the delay dispersion parameter would be 100 ps. The
modified propagation delay would be

775ps + 100ps

09V 25V
A7V — —— — _—— e — — 20V —_—— _ _
SLEW RATE = SLEW RATE =
0.25VINS 0.30 VINS
THRESHOLD THRESHOLD
RN SLEW RATE = 0.75 VINS vt SLEW RATE = 0.75 V/INS
—1.58VL— _— — 0.5v—L— —_——
-1.75V ov

Figure 4. ECL Dispersion Test Input Conditions

Figure 5. TTL Dispersion Test Input Conditions
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Dual ECL Output Comparator
With Latch

The MC10E1652 is functionally and pin-for-pin compatible with the
MC10E1651 and thus the MC1651 in the MECL IlI™ family, but is
fabricated using Motorola’s advanced MOSAIC Hli™ process and is output
compatible with 10H logic devices. In addition, the device is available in
both a 16-pin DIP and a 20-pin surface mount package. However, the
MC10E1652 provides user programmable hysteresis.

The latch enable (LENg and LENp) input pins operate from standard
ECL 10H™ logic levels. When the latch enable is at a logic high level the
MC10E1652 acts as a comparator, hence Q will be at a logic high level if
V1 > V2 (V1 is more positive than V2). Q is the complement of Q. When
the latch enable input goes to a low logic level, the outputs are latched in
their present state, providing the latch enable setup and hold time
constraints are met. The level of input hysteresis is controlled by applying
a bias voltage to the HYS pin.

e Typical 3.0 dB Bandwidth > 1.0 GHz

e Typical V to Q Propagation Delay of 775 ps
e Typical Output Rise/Fall of 350 ps

e Common Mode Range —2.0 V to +3.0 V

e |ndividual Latch Enables

o Differential Outputs

e Programmable Input Hysteresis

LOGIC DIAGRAM
Via —+
— Qa
V2a B
= - O—— @
HYS
Vib —-—+\
— @b
V2b ——
ENy —C O— @
VEg=-5.2V
Voo =+50V
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MC10E1652

DUAL ECL OUTPUT
COMPARATOR
WITH LATCH

-

FN SUFFIX
PLASTIC PACKAGE
CASE 775-02

L SUFFIX
CERAMIC PACKAGE
CASE 620-10

FUNCTION TABLE

Vi>V2 H
Vi<V2 L
X Latched

LEN V1,Vv2 Function
H
H
L

© Motorola, Inc. 1996 2-144

@ MOTOROLA

REV 1



MC10E1652

Pinout: 20-Lead PLCC (Top View)

Qb L[EN, NC Vib Vb
A rrri

Pinout: 16-Pin Ceramic DIP (Top View)

18 17 16 15 14 _ J—
p— GND Qb Qb LENp Vib V2b V, HYS
0b|:19 13| | Vee rﬂr—n—lr—?l——lr—nicﬂ—t
GND [ 20 12 :I HYS 16 15 14 13 12 1 10 9
ne [+ [ ne )
GND V]
[ o[ Jvee 1 2 3 4 5 6 7 8
a[]s 9 []vee e ) e
4 5 6 7 8 GND Qa Qa L[EN; V2a Via Voo VEg
N N Ny Ny I
Qa [EN; NC V2a Via
ABSOLUTE MAXIMUM RATINGS (Beyond which device life may be impaired)
Symbol Characteristic Min Typ Max Unit
VSUP Total Supply Voltage \
IVEEl + Vel 12.0
VPP Differential Input Voltage \
V1 -v2| 3.7
DC CHARACTERISTICS (VEE =-5.2 V 5%; VCC = +5.0 V 5%)
0°C 25°C 85°C
Symbol Characteristic Min  Typ Max Min Typ Max Min  Typ Max | Unit | Condition
VOH Output HIGH Voltage -1020 -840 | -980 -810 | —-920 -735 | mV
VoL Output Low Voltage -1950 -1630 | -1950 -1630 | -1950 -1600 | mV
Il Input Current (V1,V2) 65 65 65 pA
IIH Input HIGH Current (LEN) 150 150 150
Icc Positive Supply Current 50 50 50 mA
IEE Negative Supply Current -55 -55 -55
VCMR Common Mode Range -2.0 3.0 -2.0 3.0 -2.0 3.0 \
Hys Hysteresis 27 27 30 mV 1
Vskew Hysteresis Skew -1.0 -1.0 0 mV 2
Cin Input Capacitance pF
DIP 3 3 3
PLCC 2 2 2

1. The HYS pin programming characterization information is shown in Figure 2, The hysteresis values indicated in the data sheet are for the
condition in which the voltage on the HYS pin is set to VEE.

2. Hysteresis skew (Vskew) is provided to indicate the offset of the hysteresis window. For example, at 25°C the nominal hysteresis value is 27
mV and the Vggew Value indicates that the hysteresis was skewed from the reference level by 1 mV in the negative direction. Hence the
hysteresis window ranged from 14 mV below the reference level to 13 mV above the reference level. All hysteresis measurements were
determined using a reference volitage of 0 mV. The hysteresis skew values apply over the programming range shown in Figure 2.

ECLInPS and ECLInPS Lite
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MC10E1652

0.8

HYSTERESIS
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Figure 1. Typical Hysteresis Curve
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Figure 2. Hysteresis Programming Voltage

AC CHARACTERISTICS (VEE =-5.2V £5%; Vo = +5.0 V £5%)
0°C 25°C 85°C
Symbol Characteristic Min Typ Max | Min Typ Max | Min Typ Max | Unit | Condition
tPLH Propagation Delay to Output ps 1
tPHL VtoQ 600 750 900 625 775 925 700 850 1050
LENto Q 400 575 750 400 575 750 500 650 850
ts Setup Time ps
\ 450 300 450 300 550 350
th Enable Hold Time ps
\ -50 250 -50 -250 -100 250
tow Minimum Pulse Width ps
LEN 400 400 400
tskew Within Device Skew 15 15 15 ps 2
TDE Delay Dispersion ps
(ECL Levels) 100 3,4
60 3,5
TbL Delay Dispersion ps
(TTL Levels) 350 : 6,7
100 56
tr Rise/Fall Times ps
t 20-80% 225 325 475 225 325 475 250 375 500

1. The propagation delay is measured from the crosspoint of the input signal and the threshold value to the crosspoint of the Qand Q output signals.
For propagation delay measurements the threshold level (VTHR) is centered about an 850 mV input logic swing with a slew rate of 0.75 V/NS.
There is an insignificant change in the propagation delay over the input common mode range.

. The slew rate is 0.25 V/NS for input rising edges.
. The slew rate is 0.75 V/NS for input rising edges.

~ ogh wn

. The slew rate is 0.3 V/NS for input rising edges.

. tskew Is the propagation delay skew between comparator A and comparator B for a particular part under identical input conditions.
. Refer to Figure 4 and note that the input is at 850 mV ECL levels with the input threshold range between the 20% and 80% points. The delay
is measured from the crosspoint of the input signal and the threshold value to the crosspoint of the Q and Q output signals.

. Refer to Figure 5 and note that the input is at 2.5 V TTL levels with the input threshold range between the 20% and 80% points. The delay is
measured from the crosspoint of the input signal and the threshold value to the crosspoint of the Q and Q output signals.

APPLICATIONS INFORMATION

The timing diagram (Figure 3) is presented to illustrate the
MC10E1652’s compare and latch features. When the signal
on the LEN pin is at a logic high level, the device is operating
in the “compare mode,” and the signal on the input arrives at
the output after anominal propagation delay (tpHL, tpLH). The
input signal must be asserted for a time, tg, prior to the

negative going transition on LEN and held for a time, tp, after
the LEN transition. After time tp, the latch is operating in the
“latch mode,” thus transitions on the input do not appear at
the output. The device continues to operate in the “latch
mode” until the latch is asserted once again. Moreover, the
LEN pulse must meet the minimum pulse width (tpw)
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requirement to effect the correct input-output relationship.
Note that the LEN waveform in Figure 3 shows the LEN
signal swinging around a reference labeled VBB|NT; this
waveform emphasizes the requirement that LEN follow
typical ECL 10KH logic levels because VBBINT is the
internally generated reference level, hence is nominally at
the ECL VBB level.

Finally, Vop is the input voltage overdrive and represents
the voltage level beyond the threshold level (VTHR) to which
the input is driven. As an example, if the threshold level is set
on one of the comparator inputs as 80 mV and the input

MC10E1652

signal swing on the complementary input is from zero to 100
mV, the positive going overdrive would be 20 mV and the
negative going overdrive would be 80 mV. The result of
differing overdrive levels is that the devices have shorter
propagation delays with greater overdrive because the
threshold level is crossed sooner than the case of lower
overdrive levels. Typically, semiconductor manufactures
refer to the threshold voltage as the input offset voltage
(VOS) since the threshold voltage is the sum of the externally
supplied reference voltage and inherent device offset
voltage.

VTHR

— tPLH(LEN)

N

Figure 3. Input/Output Timing Diagram

DELAY DISPERSION

Under a constant set of input conditions comparators have
a specified nominal propagation delay. However, since
propagation delay is a function of input slew rate and input
voltage overdrive the delay dispersion parameters, Tpg and
TpDT, are provided to allow the user to adjust for these
variables (where Tpg and TpT apply to inputs with standard
ECL and TTL levels, respectively).

Figure 4 and Figure 5 define a range of input conditions
which incorporate varying input slew rates and input voltage
overdrive. For input parameters that adhere to these
constraints the propagation delay can be described as:

TnOM * TDE (or TpT)

where TNOM is the nominal propagation delay. TNOM
accounts for nonuniformity introduced by temperature and
voltage variability, whereas the delay dispersion parameter
takes into consideration input slew rate and input voltage
overdrive variability. Thus a modified propagation delay can
be approximated to account for the effects of input conditions
that differ from those under which the parts where tested. For
example, an application may specify an ECL input with a slew
rate of 0.25 V/NS, an overdrive of 17 mV and a temperature
of 25°C, the delay dispersion parameter would be 100 ps.
The modified propagation delay would be
775ps + 100ps

09V 25V

N — — — — —_— —— — 20V — — — _ — — -
SLEW RATE = SLEW RATE =
0.25VINS 0.30 VINS

THFli’\lIEEL:lBLD THllRI\I‘EI;%LD
e SLEW RATE = 0.75 VINS v SLEW RATE = 0.75 VINS
—1.58VL— _—— o.sv-L— —_— —— Y — =
-1.75V ov

Figure 4. ECL Dispersion Test Input Conditions

Figure 5. TTL Dispersion Test Input Conditions
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High Performance EGL Data
ECLinPS and ECLinPS Lite

Logic Integrated Circuits Division
o\ OB4 ¢
g S :'ds,

%
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This section contains AC & DC specifications
for each 8, 16 or 20-lead SOIC ECLInPS Lite
device type. Specifications common to all device
types can be found in the first part of this section.
While specifications unique to a particular device
can be found in the individual data sheets
following the family specifications.

Data Sheet Classification

Advance Information — product in the sampling or
pre—production stage at the time of publication.

Product Preview — product in the design stage at
the time of publication.

ECLinPS Lite Family Specifications

& Device Data Sheets

ECLinPS and ECLInPS Lite
DL140 — Rev 4
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SEMICONDUCTOR GENERAL INFORMATION

ECLinPS Lite™ Single Gate ECL Devices

Features

e 275ps Package Gate Delays

2.0GHz+ Flip—Flop Toggle Frequencies

Space Efficient SOIC Packages

Choice of ECL Compatibility: MECL 10H™ (10EL); or ECL
100K (100EL)

e Flow—Through Pinouts

Specified Over Industrial Temperature Range: —40°C to
+85°C

Extended VEE Range for Both 10EL and 100EL Devices

ECLInPS Lite is a family of single, essential logic primitives
— gates, muxes, flops etc. — along with translators, low
voltage ECL logic devices and PLL support products, housed
in a space efficient, cost effective standard SOIC packages.
Packaged gates switch in 250ps typ., with flops toggling at
over 2GHz.

ECLInPS Lite offers better AC specs and tighter skews
than even the ECLInPS™ family. At the same time the family
provides superior isolation over multiple gate logic. Its small
package size makes it ideal for pin cards and other
applications that require density, but not at the expense of
signal integrity.

The ECLInPS Lite family utilizes the same MOSAIC IlI™
process as the ECLInPS family to provide state—of-the-art
bipolar process speeds. The small outline SOIC package and
special design techniques serve to enhance the level of
performance even further. The SOIC package shaves over
50% from the propagation delay associated with the
ECLiInPS family’s 28-lead PLCC package. In addition special

design techniques have been applied to decrease output
transition times by nearly 50%, resulting in nearly a 100%
improvement in bandwidth and toggle frequencies over a
standard ECLInPS device.

Like the ECLInPS family, all ECLInPS Lite devices, except
the EL89, are offered in 10EL and 100EL versions for
compatibility with the two existing ECL standards, ECL 10H
and ECL 100K respectively. As with the ECLInPS family the
AC performance of the two versions of ECLinPS Lite devices
are identical, therefore AC performance will not be a factor in
choosing an ECL standard. The rules for mixing 10EL and
100EL devices in a single design are outlined in the
interfacing section on page 5-29.

The VEE power supply range for both ECLInPS Lite
versions have been extended beyond the levels defined in
the original ECL standard specifications. The lower end of
the 100EL VEE limit has been decreased to —5.5V to allow for
interfacing with three level series gated 100K arrays. In
addition the upper end of the 10EL VEE limit has been
increased to —4.75V to allow for use in PECL designs which
use a 5V +5% supply. Note the —4.75V VEE for 10EL devices
does not always hold for temperatures less than 25°C (see
individual data sheets), therefore for PECL designs whose
environments can fall below 25°C it is recommended that the
100EL devices be used to allow the designer to choose
functions from the entire family.

The transfer curves, switching waveforms and parameter
definitions are identical to those of the ECLInPS family. In
addition the application of ECLInPS Lite devices in a system
follows the same rules as previous ECL families.
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ECLInPS Lite Family Specifications

Absolute Maximum Ratings

Beyond which device life maybe impaired.?

Characteristic Symbol Rating . Unit
Power Supply (Voc = 0V) VEE -8.0t0 0 VDC
Input Voltage (Vo = 0V) Vi 0to—6.0 vDC
Output Current Continuous lout 50 mA
Surge 100
Operating Temperature Range TA —40 to +85 °C
Operating Range1,2 VEE -5.7t0—4.2 v
1. Unless otherwise specified on an individual data sheet.
2. Parametric values specified at: 100EL Series: —4.20V to -5.50V
10EL Series: —4.94V to —-5.50V

10EL Series DC Characteristics

VEE = VEE(min) - VEg(max); Voe = GND1

—40°C 0°C 25°C 85°C
Symbol Characteristic Min Max Min Max Min Max Min Max Unit
VoH Output HIGH Voltage -1080 -890 -1020 -840 -980 -810 -910 -720 mV
VoL Output LOW Voltage -1950 | -1650 | —1950 | —1630 | -1950 | -1630 | —1950 | —-1595 mV
VIH Input HIGH Voltage -1230 | -890 | -1170 -840 | -1130 | -810 | -1060 | -720 mvV
ViL Input LOW Voltage -1950 | —-1500 | -1950 —1480 | —-1950 | —1480 | -1950 | -1445 mV
L Input LOW Current 0.5 — 0.5 — 0.5 - 0.3 — pA

1. 10EL circuits are designed to meet the DC specifications shown in the table after thermal equilibrium has been established. The circuit is in
a test socket or mounted on a printed circuit board and transverse airflow greater than 500Ifpm is maintained. Outputs are terminated through
a 502 resistor to ~2.0V except where otherwise specified on the individual data sheets.

100EL Series DC Characteristics
VEE = VEE(min) - VEE(max); Vo = GND1

-40°C 0°C to 85°C
Symbol Characteristic Min Typ Max Min Typ Max Unit Condition
VOoH Output HIGH Voltage -1085 | —1005 —-880 -1025 -955 —880 mV | V|N = ViH(max)
VoL Output LOW Voltage —-1830 -1695 -1555 -1810 ~1705 -1620 mV or Vi (min)
VOHA Output HIGH Voltage -1095 — — -1035 — — mV | V|N = V]H(max)
VOLA Output LOW Voltage — — —1555 — — -1610 mV | or V)i (min)
VIH Input HIGH Voltage -1165 - —880 -1165 — -880 mvV
ViL Input LOW Voltage -1810 — -1475 | -1810 — -1475 mV
i Input LOW Current 0.5 — — 0.5 — — uA VIN = V|L(max)

1. Thistable replaces the three tables traditionally seen in ECL 100K data books. The same DC parameter values at Vg g =~4.5V now apply across
the full Vg range of ~4.2V to —5.5V. Outputs are terminated through a 50Q resistor to —2.0V except where otherwise specified on the individual
data sheets.
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Applications Information

Introduction

The ECLInPS Lite family of products is very similar in
design and performance as the multi-gate ECLInPS family.
As a result the design guide and application notes written in
support of the ECLInPS family are equally applicable to the
new ECLInPS Lite family. The reader is encouraged to read
through the ECLInPS data book to answer any general
questions they may have concerning the ECLInPS Lite
family. The following paragraphs will be used to describe
behavior that is unique to the ECLInPS Lite family or which
has not been thoroughly documented in the existing
literature.

Maximum Frequency/Bandwidth

One of the goals of the ECLInPS Lite family was to provide
means for using ECL in even higher frequency applications.
Much effort was placed in the reduction of the output
transition times as these were the limiting factors of the
frequency capability of the original ECLInPS family. With a
nearly 50% reduction in output edge rates the ECLinPS Lite
family’s frequency capability is nearly twice that of the
ECLinPS devices. Some of the 16— and 20-lead ECLIinPS
Lite products do not have the faster edge rates as the extra
current required would push the power dissipation beyond
the capabilities of the package.

The data sheets for the flip—flop devices state maximum
toggle frequencies of 2.2GHz, although impressive these
values tend to underestimate the useful bandwidth of the
device. Similarly the buffer devices have a 3db bandwidth
(600mV output swing) of about 1.4GHz, however the devices
can be useful to frequencies well above 2GHz. The trick to
using the ECLInPS Lite devices to their fullest capabilities is
to take advantage of the differential /O functions. From the
data sheets for the differential devices the minimum input
swing is 150mV, a value significantly lower than the
somewhat arbitrary 600mV output chosen as the FMAX fail
criteria. Figure 1 illustrates several ECLInPS Lite devices’
output eye voltage versus input frequency; note for the buffer
type devices the outputs produce a 150mV eye pattern for
frequencies well over 3GHz.

Traditionalist may argue that 150mV input swings leave no
noise margins for the design, when analyzed further this is
not the case. For single—ended interconnect the worst case
noise margins are =~150mV with no common mode noise
rejection capabilities. For a 150mV differential input the same
150mV of noise margin exists, however in this case the
interface also has common mode noise rejection capability
and thus may provide a safer environment than a standard
single—ended interface.

The purpose of this discussion is to illustrate the potential
of using ECLInPS Lite devices at frequencies well above the
stated maximum limits. The criteria for establishing the
maximum frequency of a device was determined with

single—ended interfaces in mind, however in the 1GHz+
realm of designs differential interconnect is predominant. For
differential interconnect systems the criteria for FMAX needs
to be redefined to better describe the reliable operating
frequency range of a device. Under this new set of criteria the
ECLinPS Lite family can be pushed well above 2.5GHz and
thus provide a cost effective means for processing very high
speed signals.
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Figure 1. Eye Pattern versus Frequency

Using ECLInPS Lite in PECL Designs

PECL is an acronym for Positive ECL and simply
represents using standard ECL devices in a +5.0V
environment. All of the ECLInPS Lite devices, as with the
majority of all ECL devices, will operate as specified when
positive power supplies are used. The reason for the use of
negative power supplies with ECL is due to the fact that the
output levels and internal bias levels are Vg rail referenced.
Because ground is simpler to keep quiet than a power supply,
it was the natural choice for the Vc bias. Because the output
levels vary 1:1 with V¢, differences in power supply levels
between transmitter and receiver can be problematic. These
problems can be eliminated if differential interconnect is
used. A thorough discussion on this subject can be
found in the PECL application note (Designing With PECL —
AN1406/D) provided in the Design Guide and Application
Notes chapter (Chapter 5) of this book.

With its small size and low power the ECLInPS Lite family
of products will naturally find applications in PECL form in
otherwise TTL or CMOS systems. Many of these applications
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will be in the area of clock distribution. Because minimizing
skew is the most important aspect of clock distribution
differential interconnect should be used. This not only
minimizes skew, but as previously mentioned, it also
eliminates problems due to V¢ variation in PECL designs.
Again, refer to the Motorola application note (ECL Clock
Distribution Techniques — AN1405/D) dealing with using ECL
in clock distribution applications for a more detailed
discussion.

0.001yF

INO—] |

50Q

VeB vIT

Figure 2. AC Coupling Architecture

An important aspect of using ECLInPS Lite in clock
distribution schemes is in the interface to the clock source.
By taking advantage of the AC coupling capability of the
EL16, or any other differential input device which also
features a Vpp output, ECLInPS Lite products can be
interfaced to clock sources which generate other than ECL
compatible outputs. Probably the most cost efficient and
simplest oscillators to choose are sinusoidal oscillators. By
using the architecture of Figure 2 a sinusoidal oscillators can
be used to drive ECLInPS Lite devices. The only criteria is
that the amplitude of the oscillator input not exceed the upper
or lower end of the CMR range when centered on the Vg
reference. A larger amplitude oscillator output can be used if
a lower DC bias is used or if the output of the oscillator is
voltage divided prior to being coupled into the EL16.

Input Clamp Circuitry and CMR Range

To maintain stability during open input situations all of the
differential input devices employ input clamping circuitry.
Because all of the inputs of ECLInPS Lite devices have
internal input pulldown resistors when left open the inputs will
pull down to VEE. A clamp voltage will take control of the input
buffer when both inputs pull lower than the clamp voltage.
This clamp voltage does place a lower bound on the CMR
range of a device. In the ECLInPS Lite family the internal
clamp voltage is referenced to the VEE power rail, as a result
if alarger CMR range is necessary the VEE of a device can be
lowered. Each incremental lowering of VEE will increase the
CMR range by an equivalent amount. To minimize the CMR
range of devices, some of the newer members of the
ECLInPS Lite family employ a different open input bias
structure. These devices will pull the true input to VEE and
bias the compliment input to Vo /2. This will force the output
of the input buffer to a LOW state. Refer to specific data
sheets to identify if this newer structure is used.

Package Information

The package chosen for the ECLInPS Lite family is the
standard SOIC package. The 8-lead, 16-lead and 20-lead
SOICs are plastic surface mount packages with gull wing,
50mil pitch leads. Figure 3 and Figure 4 illustrate the
recommended PCB solder pads for the SOIC package.

Because the SOIC is a plastic package the long term
reliability of a device is going to be dependent on the
operating junction temperature. As the junction temperature
of the device increases an intermetallic is formed between
the gold bond wire and the aluminum bonding pad. This
intermetallic eventually causes a void to develop and the
affected pin to become an open circuit. For a more detailed
discussion on the subject refer to the Package and Thermal
section of the ECLInPS data book.
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Figure 5. SOIC Thermal Resistance

AIRFLOW (LFPM)

The 8-lead, 16-lead and 20-lead SOICs exhibit a thermal
resistance as pictured in Figure 5. With this information as
well as the power dissipation of the device in question
(calculated as shown in the thermal section of the ECLInPS
Data Book) the approximate junction temperature and thus
theoretical lifetime can be estimated. ECLInPS Lite devices
are designed with chip power levels that permit acceptable
reliability levels, in most systems, under the conventional
500Ifpm (2.5m/s) airflow. In fact, for all systems but those that
operate at the maximum allowed ambient temperatures
ECLInPS Lite devices will prove reliable with little or no
cooling airflow.
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

4-Input OR/NOR MC10ELO1
MC100ELO1

The MC10EL/100ELO1 is a 4-input OR/NOR gate. The device is
functionally equivalent to the E101 device with higher performance
capabilities. With propagation delays and output transition times
significantly faster than the E101 the ELO1 is ideally suited for those
applications which require the ultimate in AC performance.

230ps Propagation Delay

High Bandwidth Output Transitions
75kQ Internal Input Pulldown Resistors

>1000V ESD Protection "%

1

LOGIC DIAGRAM AND PINOUT ASSIGNMENT D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751-05
Doi 1 E' vVce
e
— PIN DESCRIPTION
o
| ' PIN FUNCTION
D3| 4 EI VEE D0-D3 Data Inputs
] Q Data Outputs
DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voo = GND)
-40°C 0°C 25°C 85°C
Symbol Characteristic Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
IEE Power Supply Current 10EL 14 17 14 17 14 17 14 17 | mA
100EL 14 17 14 17 14 17 16 20

VEE Power Supply Voltage 10EL |—4.75 [ -5.2 | -6.5 |4.75|-5.2 | -55 |4.75|-5.2 | -565 |-4.75|-52 | -65 | V
100EL |—4.20 | 4.5 | -6.5 |4.20 | 4.5 | -5.5 [4.20 | 4.5 | -5.5 [4.20 | -4.5 | -5.5

IiH Input HIGH Current 150 150 150 150 | nA

AC CHARACTERISTICS (VEE = VEE(min) to VEg(max); Vcc = GND)

—40°C 0°C 25°C 85°C

Symbol Characteristic Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit

tPLH Propagation Delay to

tpHL Output 70 220 | 370 120 220 | 320 130 | 230 | 330 150 | 250 350 ps

t Output Rise/Fall Times Q

t (20% — 80%) 100 | 225 350 100 | 225 | 350 100 225 | 350 100 225 350 ps
12/93
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

2-Input AND/NAND

The MC10EL/100ELO4 is a 2-input AND/NAND gate. The device is
functionally equivalent to the E104 device with higher performance
capabilities. With propagation delays and output transition times
significantly faster than the E104 the ELO4 is ideally suited for those
applications which require the ultimate in AC performance.

e 240ps Propagation Delay

e High Bandwidth Output Transitions

o 75kQ Internal Input Pulldown Resistors
* >1000V ESD Protection

LOGIC DIAGRAM AND PINOUT ASSIGNMENT

MC10ELO4
MC100ELO4

R 3

1

D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751-05

I O —
NC| 1 8 |{Vce
— — PIN DESCRIPTION
D13 6(Q
e ME PIN FUNCTION
— - Do, D1 Data Inputs
NC| 4 5 | VEE Q Data Outputs
DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = GND)
-40°C 0°C 25°C 85°C
Symbol Characteristic Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
IEE Power Supply Current 10EL 14 17 14 17 14 17 14 17 | mA
100EL 14 17 14 17 14 17 16 20
VEE Power Supply Voltage 10EL |-4.94 | -52 | -55 |-494|-52 | -55 |-4.75]|-52 |65 |-475]|-52 |65 | V.
100EL | 420 | 45 |-55 |-420|-45]|-55|-420|-45|-55|-420|-45]-55
I+ Input HIGH Current DO 250 250 250 250 | pA
D 150 150 150 150
AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = GND)
-40°C 0°C 25°C 85°C
Symbol Characteristic Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
tPLH Propagation Delay to
PHL Output .70 | 235 | 410 | 120 | 235 360 130 | 240 | 370 | 155 | 265 | 395 | ps
t Output Rise/Fall Times Q
tff (20% ~ 80%) 100 | 225 | 350 | 100 | 225 | 350 | 100 | 225 | 350 | 100 | 225 | 350 | ps
12053 @ MOTOROLA
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

2-Input Differential AND/NAND

The MC10EL/100ELO5 is a 2-input differential AND/NAND gate. The
device is functionally equivalent to the E404 device with higher
performance capabilities. With propagation delays and output transition
times significantly faster than the E404 the ELO5 is ideally suited for those
applications which require the ultimate in AC performance.

Because a negative 2-input NAND is equivalent to a 2-input OR
function, the differential inputs and outputs of the device allows the EL05
to also be used as a 2-input differential OR/NOR gate.

The differential inputs employ clamp circuitry so that under open input
conditions (pulled down to VEE) the input to the AND gate will be HIGH. In
this way, if one set of inputs is open, the gate will remain active to the
other input.

o 275ps Propagation Delay

o High Bandwidth Output Transitions

e 75kQ Internal Input Pulldown Resistors
e >1000V ESD Protection

LOGIC DIAGRAM AND PINOUT ASSIGNMENT

— O -
Dol 1 8|Vce
Dol 2 7]1Q

L -

| —
D1(3 ?Q
D14 5 | VEE

12/93

MC10ELO5
MC100ELO5

-

1

D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751-05

PIN DESCRIPTION

PIN FUNCTION
Do, D1 Data Inputs
Q Data Outputs

© Motorola, Inc. 1996 3-9
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MC10ELO5 MC100EL05

DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voo = GND)

) -40°C 0°C - 25°C 85°C
Symbol Characteristic Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
IEE Power Supply Current
10EL 18 22 18 22 18 22 18 22
100EL | | 18 22 18 22 18 22 21 25 mA

VEE Power Supply Voltage . :
10EL {475 | -5.2 | -55 |-4.75 | -52 | -55 |4.75 | 5.2 |55 |-475| 5.2 | -55

100EL |—4.20 | -45 | -5.5 |—4.20 | 4.5 —5:5 -4.20 | 4.5 —5:5 —4.20 | =45 | -5.5 \

IIH Input HIGH Current 150 150 150 150
AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = GND)
-40°C 0°C 25°C 85°C

Symbol Characteristic Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
tPLH Propagation Delay to
tPHL Qutput 135 | 260 | 440 | 185 | 275 | 390 185 | 275 | 390 | 215 | 305 | 420 ps
Vpp Minimum Input Swing1 150 150 150 150 mv
VMR | Common Mode Range2 | —0.4 See2 | -0.4 See2 | -0.4 See2 | -0.4 See2 | V
tr Output Rise/Fall Times Q
t (20% —~ 80%) 100 | 225 | 350 | 100 | 225 | 350 | 100 | 225 | 350 | 100 | 225 | 350 | ps

1. Minimum input swing for which AC parameters are guaranteed. The device has a DC gain of =40.

2. The CMR range is referenced to the most positive side of the differential input signal. Normal operation is obtained if the HIGH level falls within
the specified range and the peak-to-peak voltage lies between Vppmin and 1V. The lower end of the CMR range is dependent on VEg and is
equal to VEg + 3.0V.

MOTOROLA ) 3-10 ECLinPS and ECLInPS Lite
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

2-Input XOR/XNOR

The MC10EL/100ELO7 is a 2-input XOR/XNOR gate. The device is
functionally equivalent to the E107 device with higher performance
capabilities. With propagation delays and output transition times
significantly faster than the E107 the ELO7 is ideally suited for those
applications which require the ultimate in AC performance.

260ps Propagation Delay

High Bandwidth Output Transitions
75kQ Internal Input Pulldown Resistors
>1000V ESD Protection

MC10ELO7
MC100ELO7

22

1

D SUFFIX
LOGIC DIAGRAM AND PINOUT ASSIGNMENT PLASTIC SOIC PACKAGE
CASE 751-05
NC| 1 8|Vce
Dol 2 71Q
] : PIN DESCRIPTION
Di(3 6|Q
L] I PIN FUNCTION
] ] DO, D1 Data Inputs
NC| 4 5| VEE Q Data Outputs
DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = GND)
-40°C 0°C 25°C 85°C
Symbol Characteristic Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
IEE Power Supply Current 10EL 14 17 14 17 14 17 14 17 mA
100EL 14 17 14 17 14 17 16 20
VEE Power Supply Voltage 10EL |-4.94 | -52 | -5.5 | 494 | -5.2 | -55 | 475 | ~5.2 | -5.5 |-4.75 | -5.2 | -5.5 \
100EL | -4.20 | 45 | 55 | 4.20 | 4.5 | -55 |-420| 45 | -55 |-420| 45 | -55
IiH Input HIGH Current DO 250 250 250 250 | pA
D1 150 150 150 150
AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = GND)
-40°C 0°C 25°C 85°C
Symbol Characteristic Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
tPLH Propagation Delay to
tPHL Output 90 250 | 435 140 250 | 385 150 260 395 170 280 | 415 ps
tr Output Rise/Fall Times Q
1 (20% — 80%) 100 225 350 100 225 | 350 100 225 | 350 | 100 225 350 ps
1259 @ MOTOROLA
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

1:2 Differential Fanout Buffer MC10EL11
’ MC100EL11

The MC10EL/100EL11 is a differential 1:2 fanout buffer. The device is
functionally similar to the E111 device but with higher performance
capabilities. Having within-device skews and output transition times
significantly improved over the E111, the EL11 is ideally suited for those
applications which require the ultimate in AC performance.

The differential inputs of the EL11 employ clamping circuitry to
maintain stability under open input conditions. If the inputs are left open
(pulled to VEE) the Q outputs will go LOW.

e 265ps Propagation Delay a%
o 5ps Skew Between Outputs 1
High Bandwidth Output Transitions

o 75kQ Internal Input Pulldown Resistors PL AsTlgSs(l)jl'c::Fll-");(\CK AGE
e >1000V ESD Protection ) CASE 751-05

LOGIC DIAGRAM AND PINOUT ASSIGNMENT

Qo |1 O 8 | Vce
L |
Qo | 2 7|D
L J ||
| PIN DESCRIPTION
1 —
Q113 6|D
] I PIN FUNCTION
_ — D Data Inputs
Q1|4 5 | VEE Qo, Qf Data Outputs
— ’_

12/93
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MC10EL11 MC100EL11

DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Veg = GND)

—40°C 0°C 25°C 85°C
Symbol Characteristic Min | Typ { Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
IEE Power Supply Current mA
10EL 26 31 26 31 26 31 26 31
100EL 26 31 26 31 26 31 30 36
VEE Power Supply Voltage \'
10EL |4.75| -52 | -55 |4.75| 5.2 [ -55 |—4.75| -5.2 | -5.5 |-4.75 | -5.2 | -5.5
100EL {420 | 4.5 [ -55 | 420 | -45 | -55 |-420]| 45 | =55 | 420 | -45 | -5.5
IIH Input HIGH Current 150 150 150 150 | pA

AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = GND)

-40°C 0°C 25°C 85°C
Symbol Characteristic Min | Typ | Max [ Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
tPLH Propagation Delay to 135 | 260 385 185 260 | 335 190 265 | 340 | 215 290 365 ps
tPHL Output
tsKEw | Within-Device Skew1 5 5 20 5 20 5 20 | ps
Duty Cycle Skew? 5 5 20 5 20 5 20

Vpp Minimum Input Swing3 150 150 150 150 mv
VOMR | Common Mode Range? | -0.4 Seed | —0.4 Seed | -0.4 Seed | 0.4 Seed | v
ty Output Rise/Fall TimesQ | 100 | 225 | 350 | 100 | 225 | 350 | 100 | 225 | 350 | 100 | 225 | 350 ps
tf (20% — 80%)

1. Within-device skew defined as identical transitions on similar paths through a device.

2. Duty cycle skew is the difference between a TPLH and TPHL propagation delay through a device.

3. Minimum input swing for which AC parameters guaranteed. The device has a DC gain of ~40.

4. The CMR range is referenced to the most positive side of the differential input signal. Normal operation is obtained if the HIGH level falls within

the specified range and the peak-to-peak voltage lies between Vppmin and 1V. The lower end of the CMR range is dependent on VEg and is
equal to VEE + 2.5V.

ECLinPS and ECLInPS Lite 3-13 MOTOROLA
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Low Impedance Dkriver MC10EL12
MC100EL12

The MC10EL/100EL12 is a low impedance drive buffer. With two pairs
of OR/NOR outputs the device is ideally suited for high drive applications
such as memory addressing. The device is a function equivalent to the
E112 device with higher performance capabilities. With propagation
delays significantly faster than the E112 the EL12 is ideally suited for
those applications which require the ultimate in AC performance.

e 290ps Propagation Delay %
e Dual Outputs for 25Q Drive Applications 8

1
o 75kQ Internal Input Pulldown Resistors

e >1000V ESD Protection D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751-05
LOGIC DIAGRAM AND PINOUT ASSIGNMENT
— O —
Qa1 8| Vce
2 | D
Qb \_‘ i 0 PIN DESCRIPTION
Qa3 6| D1 PIN FUNCTION
| | Do, D1 Data Inputs
—_— , Data Output:
Q|4 5| vee Qa, Qb ata Outputs
—_— _—
DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = GND)
-40°C 0°C 25°C 85°C
Symbol Characteristic Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
IEE Power Supply Current 10EL 14 17 14 17 14 17 14 17 mA
100EL 14 17 14 17 14 17 16 20

VEE Power Supply Voltage 10EL | —4.94 | 5.2 | -5.5 |-4.94 | 52 | -55 | 4.94 | 52 | -55 494 | 52 | 55| Vv
100EL {420 | 4.5 { 5.5 {-4.20 | -4.5 | 5.5 [ 4.20 | 4.5 | 5.5 | -4.20 | 4.5 | 5.5

IIH Input HIGH Current 150 150 150 150 | pA

AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = GND)

-40°C 0°C 25°C 85°C

Symbol Characteristic Min | Typ | Max { Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
tPLH Propagation Delay to
PHL Output 120 | 280 | 500 | 170 | 280 | 450 | 180 | 290 | 450 | 210 | 320 | 480 | ps
tr Output Rise/Fall Times Q
tf (20% — 80%) 150 | 350 550 150 350 | 550 150 350 | 550 150 350 | 550 ps
12/9.

s @ MOTOROLA
© Motorola, Inc. 1996 3-14 REV 2



MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Dual 1:3 Fanout Buffer

For information on the MC100EL13,
please refer to the MC100LVEL13
datasheet on page 4-20 in
Chapter 4 of this book.

MC100EL13

1

DW SUFFIX
PLASTIC SOIC PACKAGE
CASE 751D-04

ECLinPS and ECLInPS Lite 3-15 MOTOROLA
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

1:5 Clock Distribution Chip

For information on the MC100EL14,
please refer to the MC100LVEL 14
datasheet on page 4-22 in
Chapter 4 of this book.

MC100EL14

Sl

1

DW SUFFIX
PLASTIC SOIC PACKAGE
CASE 751D-04

MOTOROLA 3-16
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

1:4 Clock Distribution Chip

The MC10EL/100EL15 is a low skew 1:4 clock distribution chip
designed explicitly for low skew clock distribution applications. The
device can be driven by either a differential or single-ended ECL or, if
positive power supplies are used, PECL input signal. If a single-ended
input is to be used the Vg output should be connected to the CLK input
and bypassed to ground via a 0.01uF capacitor. The Vg output is
designed to act as the switching reference for the input of the EL15 under
single-ended input conditions, as a result this pin can only source/sink up
to 0.5mA of current.

The EL15 features a multiplexed clock input to allow for the distribution
of a lower speed scan or test clock along with the high speed system
clock. When LOW (or left open and pulled LOW by the input pulldown
resistor) the SEL pin will select the differential clock input.

The common enable (EN) is synchronous so that the outputs will only
be enabled/disabled when they are already in the LOW state. This avoids
any chance of generating a runt clock pulse when the device is
enabled/disabled as can happen with an asynchronous control. The
internal flip flop is clocked on the falling edge of the input clock, therefore
all associated specification limits are referenced to the negative edge of
the clock input.

o 50ps Output-to-Output Skew

o Synchronous Enable/Disable

o Multiplexed Clock Input

o 75kQ Internal Input Pulldown Resistors
o >1000V ESD Protection

LOGIC DIAGRAM AND PINOUT ASSIGNMENT

Vcc E“N SCLK CLK CLK Vg SEL Vg

[14] [1s] [re] [1r] [ro] [o]

10

Jvéf _

ﬁ__
E

Le] [of [ef [s] Lo L] Le]
oo@mmoz@osm

5/95

MC10EL15
MC100EL15

L
1

D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751B-05

PIN DESCRIPTION

PIN FUNCTION
CLK Diff Clock Inputs
SCLK Scan Clock Input
EN Sync Enable
SEL Clock Select Input
VBB Reference Output
Qp-3 Diff Clock Outputs
FUNCTION TABLE
CLK | SCLK | SEL EN Q
L X L L L
H X L L H
X L H L L
X H H L H
X X X H L*
* On next negative transition of
CLK or SCLK

© Motorola, Inc. 1996 3-17
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MC10EL15 MC100EL15

ABSOLUTE MAXIMUM RATINGS1
Symbol Characteristic Rating Unit
VEE Power Supply (Vcc = 0V) -8.0t00 VvDC
Vi Input Voltage (Vo = 0V) 0to-6.0 vDC
lout Output Current Continuous 50 mA
Surge 100
TA Operating Temperature Range —40 to +85 °C
VEE Operating Range152 -5.7 to —4.2 v

1. Absolute maximum rating, beyond which, device life may be impaired, unless otherwise specified on an individual data sheet.
2. Parametric values specified at:  100EL Series: —4.20V to -5.50V
10EL Series:  —4.94V to -5.50V

10EL SERIES . .
DC CHARACTERISTICS (VEE = VEE(min) — VEE(max); VG = GND1)
—40°C 0°C 25°C 85°C

Symbol Characteristic Min Max Min Max Min Max Min Max Unit
VOH Output HIGH Voltage -1080 -890 -1020 -840 -980 -810 -910 =720 mvV
VoL Output LOW Voltage -1950 | -1650 | -1950 | -1630 | -1950 | —-1630 | —1950 | —1595 mV
V|H Input HIGH Voltage -1230 -890 -1170 -840 -1130 -810 -1060 -720 mV
ViL Input LOW Voltge -1950 | -1500 | —1950 | —1480 | -1950 | —1480 | —1950 | —1445 mV
L Input LOW Current 0.5 — 0.5 — 0.5 — 0.3 — HA

1. 10EL circuits are designed to meet the DC specifications shown in the table after thermal equilibrium has been established. The circuit is in
a test socket or mounted on a printed circuit board and transverse airflow greater than 500Ifpm is maintained. Outputs are terminated through
a 50Q resistor to —2.0V except where otherwise specified on the individual data sheets.

100EL SERIES
DC CHARACTERISTICS (VEE = VEE(min) - VEE(max); Vog = GND1)
—-40°C 0°C to 85°C

Symbol Characteristic Min Typ Max Min Typ Max Unit Condition
VOH Output HIGH Voltage -1085 | -1005 -880 -1025 -955 —-880 mV | VN = ViH(max)
VoL Output LOW Voltage -1830 | -1695 | —1555 | —-1810 | -1705 | -1620 mV | or Vi (min)
VOHA Output HIGH Voltage ~1095 — — —-1035 — — mV | VN = ViH(max)
VOLA Output LOW Voltage — — —-1555 — — -1610 mV | or Vi (min)
VIH Input HIGH Voltage -1165 — -880 -1165 — -880 mV
ViL Input LOW Voltge -1810 — -1475 -1810 — —1475 mV
TR Input LOW Current 0.5 — = 0.5 — — HA VIN = V|L(max)

1. Thistable replaces the three tables traditionally seen in ECL 100K data books. The same DC parameter values at VEg =—4.5V now apply across
the full VEE range of —4.2V to —5.5V. Outputs are terminated through a 50Q resistor to —2.0V except where otherwise specified on the individual
data sheets.

MOTOROLA 3-18 ECLinPS and ECLInPS Lite
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MC10EL15 MC100EL15

AC/DC CHARACTERISTICS (VEE = VEg(min) to VEE(max); Vcc = GND)

-40°C 0°C 25°C 85°C
Symbol Characteristic Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
IEE Power Supply Current
10EL 25 35 25 35 25 35 25 35
100EL 25 35 25 35 25 35 25 38 mA
VBB Output Reference 10EL | -1.43 -1.30 | -1.38 -1.27 | -1.35 -1.25 | -1.31 -1.19 \
Voltage 100EL |-1.38 -1.26 | -1.38 -1.26 | -1.38 -1.26 | -1.38 -1.26
IiH Input High Current 150 150 150 150 LA
tPLH Propagation Delay ps
tPHL CLK to Q (Diff) { 460 660 | 470 610 | 470 610 | 500 700
CLKto Q(SE) | 410 710 420 720 | 420 720 | 450 750
SCLKtoQ | 410 710 420 720 | 420 720 | 470 750
tskew | Part-to-Part Skew 200 200 200 200 | ps
Within-Device Skew1 50 50 50 50
ts Setup Time EN 150 150 150 150 ps
tH HoldTime EN 400 400 400 400 ps
Vpp Minimum Input Swing CLK2 | 250 250 250 250 mv
VCMR Com:;non Mode Range | -2.0 -04 | -20 -0.4 | 2.0 -0.4 | 2.0 -0.4 \Y
CLK
tr Output Rise/Fall Times Q 325 575 | 325 575 | 325 575 ps
t (20% — 80%)

-

. Skews are specified for identical LOW-to-HIGH or HIGH-to-LOW transitions.

2. Minimum input swing for which AC parameters guaranteed. The device has a DC gain of ~40.

3. The CMR range is referenced to the most positive side of the differential input signal. Normal operation is obtained if the HIGH level falls within
the specified range and the peak-to-peak voltage lies between Vppmin and 1V. The lower end of the CMR range is dependent on VEg and is
equal to VEE + 2.5V.

ECLInPS and ECLInPS Lite 3-19 MOTOROLA
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Differential Receiver MC10EL16
MC100EL16

The MC10EL/100EL16 is a differential receiver. The device is
functionally equivalent to the E116 device with higher performance
capabilities. With output transition times significantly faster than the E116
the EL16 is ideally suited for interfacing with high frequency sources.

The EL16 provides a Vgp output for either single-ended use oras a DC
bias for AC coupling to the device. The VgR pin should be used only as a
bias for the EL16 as its current sink/source capability is limited. Whenever
used, the VBB pin should be bypassed to ground via a 0.01uf capacitor.

Under open input conditions (pulled to VEE) internal input clamps will
force the Q output LOW.

e 250ps Propagation Delay o %&
¢ High Bandwidth Output Transitions
e 75kQ Internal Input Pulldown Resistors

e >1000V ESD Protection D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751-05

1

LOGIC DIAGRAM AND PINOUT ASSIGNMENT

NC | 1 o EI vce
pl2 ﬂ a
D il EJ Q PIN DESCRIPTION
] PIN FUNCTION
VBB | 4 5| VEE
L D Data Inputs
Q Data Outputs
VBB Ref. Voltage Output
1292 @ MOTOROLA
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MC10EL16 MC100EL16

DC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Vcc = GND)

-40°C 0°C 25°C 85°C

Symbol Characteristic Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit

IEE Power Supply 10EL 18 22 18 22 18 22 18 22 mA
Current 100EL 18 22 18 22 18 22 21 26

VBB Output Reference  10EL [ -1.43 -1.30 | -1.38 -1.27 |-1.35 -1.25 | -1.31 -1191| V
Voltage 100EL | -1.38 —1.26 |-1.38 -1.26 |-1.38 —-1.26 | -1.38 -1.26

VEE Power Supply 10EL |4.75|-5.2 | -55 |4.75|-52 | -55 [475|-52 | 55 |-475]|-52 | -55 \
Voltage 100EL | -4.20 | 4.5 | -5.5 |—-4.20 | -45 | -55 |-4.20 | 4.5 | -5.5 |—4.20 | 4.5 | -5.5

liH Input HIGH Current 150 150 150 150 | pA

AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); Voc = GND)

—40°C 0°C 25°C 85°C

Symbol Characteristic Min | Typ | Max | Min | Typ { Max | Min | Typ | Max | Min | Typ | Max | Unit
tPLH Propagation Delay ps
tPHL to Output (Diff) | 125 250 375 175 250 325 175 250 325 205 280 355

(SE) | 75 250 425 125 250 375 125 250 375 155 280 405
tskew | Duty Cycle Skew? (Diff) 5 5 20 5 20 5 20 | ps
Vpp Minimum Input Swing2 150 150 150 150 mv
VCMR | Common Mode Range3 | -0.4 Seed | -0.4 See3 | -0.4 Seed | -0.4 See3 | Vv
tr Output Rise/Fall Times Q | 100 225 350 100 225 350 100 225 350 100 225 350 ps
tf (20% — 80%)

1. Duty cycle skew is the difference between a TPLH and TPHL propagation delay through a device.

2. Minimum input swing for which AC parameters guaranteed. The device has a DC gain of ~40.

3. The CMR range is referenced to the most positive side of the differential input signal. Normal operation is obtained if the HIGH level falls within
the specified range and the peak-to-peak voltage lies between Vppmin and 1V. The lower end of the CMR range is dependent on VEg and is
equal to VEg +2.5V.
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Low-Voltage Quad
Differential Receiver MC100EL17

For information on the MC100EL17,
please refer to the MCT00LVEL17
datasheet on page 4-27 in
Chapter 4 of this book.

S

1

DW SUFFIX
PLASTIC SOIC PACKAGE
CASE 751D-04
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Dual Differential Data and Clock
D Flip-Flop With Set and Reset MC100EL29

For information on the MC100EL29,
please refer to the MC100LVEL29
datasheet on page 4-29 in
Chapter 4 of this book.

S

1

DW SUFFIX
PLASTIC SOIC PACKAGE
CASE 751D-04
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Triple D Flip-Flop
With Set and Reset MC100EL30

For information on the MC100EL30,
please refer to the MC100LVEL30
datasheet on page 4-31 in
Chapter 4 of this book.

1

DW SUFFIX
PLASTIC SOIC PACKAGE
CASE 751D-04
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

D Flip-Flop
With Set and Reset

The MC10EL/100EL31 is a D flip-flop with set and reset. The device is
functionally equivalent to the E131 device with higher performance
capabilities.  With propagation delays and output transition times
significantly faster than the E131 the EL31 is ideally suited for those
applications which require the ultimate in AC performance.

Both set and reset inputs are asynchronous, level triggered signals.
Data enters the master portion of the flip-flop when clock is LOW and is
transferred to the slave, and thus the outputs, upon a positive transition of
the clock.

475ps Propagation Delay

2.8GHz Toggle Frequency

75kQ Internal Input Pulldown Resistors
>1000V ESD Protection

LOGIC DIAGRAM AND PINOUT ASSIGNMENT

S 10—' 8| Vcc
— S -
D|2 D 71 Q
: Flip Flop :
CLK | 3 > O— 6| Q
L A |
afi— 9] e
L |

12/93

MC10EL31
MC100EL31

R

1

D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751-05

TRUTH TABLE

o

S | R |CLK

o

XX XIr
IrIrr
IITrrr
X X X NN

rIIr

Undef

Z = LOW to HIGH Transition
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MC10EL31 MC100EL31

DC CHARACTERISTICS (VEE = VEE(min) 1o VEE(max); Vog = GND)

-40°C 0°C 25°C 85°C
Symbol Characteristic Min |{ Typ [Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
IEE Power Supply 10EL 27 32 27 32 27 32 27 32 mA
Current 100EL 27 32 27 32 27 32 31 37
VEE Power Supply 10EL | 475 | -52 | -55 | 475|562 | -55 |-475] 52 | 65 | 4.75| -5.2 | 55 A
Voltage 100EL | 420 | 4.5 | -55 (420 | 45 | -6.5 |—~4.20 | 45 | 6.5 |—4.20 | 4.5 | -56.5
IIH Input HIGH Current 150 150 150 150 | pA

AC CHARACTERISTICS (VEE = VEE(min) to VEE(max); VoG = GND)

-40°C 0°C 25°C 85°C
Symbol Characteristic Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
fmax Maximum Toggle 2.0 25 2.2 2.8 2.2 2.8 2.2 2.8 GHz
Frequency

tPLH Propagation Delay ps
tPHL to Output CLK | 315 465 630 | 365 465 | 580 375 475 | 590 | 430 | 530 | 645

S,R| 295 | 455 | 630 | 345 | 455 | 580 | 355 | 465 | 590 | 400 | 510 | 645
ts Setup Time 150 0 150 0 150 0 150 0 ps
tH Hold Time 250 | 100 250 | 100 250 | 100 250 | 100
tRR Set/Reset Recovery 400 | 200 400 | 200 400 | 200 400 | 200 ps
tpw Minimum Pulse Width 400 400 400 400 ps

CLK, Set, Reset
tr Output Rise/Fall TimesQ | 100 | 225 | 350 | 100 | 225 | 350 | 100 { <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>