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INTERCONNECTION TECHNIQUES FOR MOTOROLA’S
MECL 10,000 SERIES EMITTER COUPLED LOGIC

INTRODUCTION

As the digital integrated circuit market has become
more mature, the need for very high speed logic elements
has grown. Future machine designs demand a logic family
with high clock rate capability, short propagation delays,
and a minimum of layout constraints. From this need,
the MECL 10,000 family of emitter-coupied logic has
evolved — designed to be the most usable very high speed
logic family available.

The 2.0 nanosecond gate propagation delay of MECL
10,000 gives the family a speed range between the older
4.0 nanosecond MECL 1I and 1.0 nanosecond MECL 11
families. Additional characteristics, such as low power
dissipation (25 mW per gate function), and slow rise and
fall times have eased the difficulties encountered in trying
to balance system speed versus ease of design.

A MECL 10,000 system has the capability for clock
rates in excess of 100 MHz. To permit such high speed
operation, gate propagation delays must necessarily be
short. However, to simplify wiring techniques and to mini-
mize the use of transmission lines, rise and fall times have
been kept to slower values.

MECL I still remains the industry standard as the
highest speed logic family available. However the 1 nano-
second rise time of MECL 11 demands a transmission line
environment. On the other hand, MECL 10,000 has been
designed to approach the higher speed rates of MECL III,
but with simpler wiring requirements.

The operational behavior of a MECL 111 gate with a rise
time of 1 nanosecond (10%-90%) is shown in figure | for
comparison. Figure la shows the difference in rise times
when either gate is driving only a pulldown resistor. Figure
1b shows the same outputs driving an 8 inch signal line
to a gate input. The MECL III gate shows severe ringing.
This necessitates the use of a transmission line. The effect
of the slower rise time of the MECL 10,000 gate is obvious
in that ringing is not as severe. Herein, lies an advantage
for the system designer using MECL 10,000 — that is, he
may realize a very high speed system using only a minimum
of transmission lines.

When driving long lines or large fanouts at maximum
frequency, transmission lines are needed. MECL 10,000
has the capability to drive such lines. Also, the family is
specified to be completely compatible with MECL [l in
the 16-pin dual-in-line packages. As a result, MECL 10,000
can be used to obtain maximum versatility with low power
and ease of layout design.

The following discussion is intended to give the system
designer insight into these problem areas: The use of non-
transmission line interconnections; the characteristics of
transmission lines which affect MECL interconnections;
and the techniques used for transmission lines. Other
considerations to be made for system interconnections are
also discussed, such as noise margins, clock driving, wire
wrapping, and party line techniques.

SIGNAL LINE CONSIDERATIONS

The purpose of an interconnection line in any digital
system is to transmit information from one point of the
system to another. When information on a signal line
changes, a finite amount of time is necessary for the infor-
mation to travel from the sending end to the receiving end
of the line. As the circuit speed becomes faster and clock
rates increase, the dynamic behavior of the interconnection
line becomes increasingly important. The rise and fall
times of the logic elements, loading effects, delay times of
the signal paths, and the various other transient character-
istics, all affect reliable operation of the system. The effects
of these factors and the advantages of the dynamic charac-
teristics of MECL 10,000 are perhaps best shown by briefly
investigating the transmission line qualities of a signal path.

In figure 2a is shown a simple interconnection circuit.
AMECL 10,000 gate is shown driving a line of length €, to
another gate with a pulldown resistor, R. If the loading
effect of the receiving gate is disregarded for the moment
(input impedance is very large with respect to RL), the
same line could be modeled as shown in figure 2b.

The driving gate is modeled as a voltage source with
output impedance, Ro. The signal line will exhibit an
impedance to a transient signal which is called its character-
istic impedance, Zg. If the line is not a regular transmission
line, Zo will vary somewhat. However, for this example
let us assume Zg is constant.

When the output of the driving gate changes state, the
voltage at point A is a function of the internal voltage
swing, VINT, output impedance, and line impedance:

VA=V (t)( Zo )
A(t)= VINT Ro+Zo/
For MECL 10,000, Rg is small with respect to the line

impedance, so the output swing is nearly the same as the
input transition — typically 800 mV. The signal will prop-

Circuit diagrams external to Matorola products are included as a8 means of illustrating typical semiconductor applications; consequeantly,
complete information sufficiant for construction purposes is not nacessarily given, The information in this Application Note has been care-
fully checked and is believed to be entirely reliable, However, no responsibility is assumed for inaccuracies. Furthermore, such information
does not convey to the purchaser of the semiconductor davices described any license under the patent rights of Motorola Inc, or others,
MECL, MECL I1f, MECL 10,000 and MTTL are tradamarks of Motorola inc.
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Horizontal Scale: 2 ns/div.
Vartical Scaie: 200 mV/div,

(a) Gate Driving 510-ohm Pulldown Resistor

HMorizontal Scale: 5 ns/div.
Vertical Scale: 200 mV/div.

{b) Gate Driving 510-ahm Pulldown Resistor and 8 Inch Line with Gate Load

{a) {b)
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Ry Vintit R

{ VEE VEE VEE

FIGURE 2 — MECL 10,000 Interconnection Circuit
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agate down the line and be seen at point B time Tp later.
The signal, when reaching the end of the line (point B},
may be reflected and returned toward the sending end of
the line. The reflected voltage is:

VA '=PL VA,
where P is the reflection coefficient,

_RL‘Zo
RL+Zo

L

In the special case where R[, = Zo, then 2 = 0 and the
reflected voltage is zero. In this situation the load resistor
exactly matches the characteristic impedance of the line,
so no reflection occurs.

When reflection does occur, it returns to point A at
time 2 Tp, where T is the one-way line propagation delay.
The sending end will again reflect this voltage with a re-
flection coefficient, Ps, given by:

_Ro-Zo
Ro+Zo

s

The reflected signal will continue to bounce back and
forth between the ends of the signal line, gradually dimin-
ished in amplitude by reflection coefficients and the resis-
tance in the line.

Now consider a second line in which the load resistor
has been moved to the sending end of the line (figure 3a).
This model is altered from the first only in that the load
resistor is seen at the driver output. When the output of
the driving gate changes state, the output swing, V4, will
be typically 800 mV.

The signal reaching point B will be reflected (as dis-
cussed). The coefficient, [, becomes worst case (=~ 1)
because the input impedance of the receiving gate is high.
In such a case the reflection will be large. As the reflection
returns to point A at time 2 Tp, the reflection coefficient,
Pg, comes into play. Its value will be very close to the
previous case:

RoRL
—— =&g
0 =Ro+RL _Ro-Zo
RoRL Ro+Zo
+lp
R0+RL

since Rg is small compared to RL.

The reflections, as before, continue to bounce back and
forth on the line getting successively smaller in amplitude.
The result is that ringing appears on the signal line (figure
3c).

Rise time effects may be understood by considering the
delay time of the line. If the line length £ is sufficiently
short, the first reflections are seen at the sending end of
the line while the driver is still changing state. The reflec-
tions are hidden by the rising edge of the pulse, and ringing
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is reduced. Therefore, the slow rise time of MECL 10,000
permits longer line lengths to be used before trouble with
ringing is encountered.

This second signal line example is called an open line
or an unterminated line. To limit undershoot to about 12
percent of the logic swing, the maximum open line length
permitted would be:

t

Lmax=-—
2tpd

t; = Rise time of driving gate (ns) (20% - 80%)
tpd = Propagation delay per unit line length
(nsfin).

where:

The above expression may also be used to show the
effect of loading on an interconnection. tpd is dependent
on the rate of signal propagation on the line; the rate is
controlled by the type of line and the loading on the line.
MECL inputs are high impedance and capacitive in net
reactance (3 to S pF per input). Increased loading slows
the rate of propagation of the line and decreases allowable
open line length. That is, as fan-out increases, the maxi-
mum open line length decreases for acceptable undershoot.

To understand how ringing and undershoot affect sys-
tem operation, it is helpful to define guaranteed noise mar-

FIGURE 3 — MECL 10,000 Interconnection with Load
Resistor at Sending End of Line
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gins. Noise margin is defined as the difference between a
worst case input logic level (VOHAmin of YOLAmax) and
the worst case threshold (V{HAmin of VILAmax) for the
corresponding logic level. Guaranteed noise margins (N.M.)
for MECL 10,000 at 25°C are:

Logic 1 NM. = VOHAmin - VIHAmin
=-0.980 - (- 1.105) = 125 mV;

Logic @ N.M. = VI] Amax ~ VOLAmax
=-1.475-(-1.630)= 155 mV.

However, using typical logic levels of - 0.900 volts and
- 1.700 volts, the nominal voltage margins are greater than
200 mV for both logic levels.

For systemn design, worst case conditions should be con-
sidered. If so,a 125 mV noise margin becomes the design
limit. This voltage margin protects against signal under-
shoot, power supply variations, and system noise. Good
circuit interconnections should limit maximum undershoot
to less than 100 to 110 mV to provide a design safety
margin.

Other factors — such as line impedance and placement
of loads on the line — also affect ringing of signals. A long
and elaborate discussion would be necessary to describe
all of the varying effects, and the description here is only
intended to give a brief idea of the many factors involved.
When line lengths and fanout go beyond limits (which will
be defined), techniques such as twisted pair lines and term-
inated lines may be used.

PRINTED CIRCUIT BOARD INTERCONNECTS

Layout rules needed for designing with MECL 10,000
depend mainly on the design goals of the system user.
MECL 10,000 may be used in layouts ranging from single
layer printed circuit (PC) board with wired interconnects,
to the most elaborate multilayer board with a complete
transmission line environment. Optimization of system
layout will include considerations of the system size, de-
sired performance, and cost.

Use of a ground plane is a suggested procedure when-
ever possible. A ground plane is beneficial for maintaining
a noise free voltage plane for the V¢ supply, and for
maintaining constant characteristic impedance whenever
transmission lines become necessary. A ground plane may
be established by using single sided board with wired inter-
connects, or by using double or multilayer PC board.

WITHOUT GROUND PLANE

In small systems where the number of interconnects and

the package density are high, it is difficult to reserve a large
ground plane area without the use of multilayer board, a
costly approach. However, MECL 10,000 may still be used
with good system performance if certain guidelines are
followed:
(1) Vc should be bussed to the V pins of each pack-
age. Bus lines should be as wide as possible with a width
of 0.1 inch minimum per row of packages. If an edge
connector is used, Vo should be pinned out to several
connector pins.
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MECL 10,000 Davicas

Back Side

Front Side

FIGURE 4 — Printed Circuit Board for MECL 10,000
System Without Ground Plane

(2) VEE should also be bussed, if possible, to pin 8 of
each package (pin 12 of the 24 pin package). When VEE
is brought onto the board via an edge connector, the VEE
line should be in close proximity to a Vi pin for easy
bypassing.

(3) Each device should be bypassed between the VC(C
and the VEE pins with a low inductance 0.01 pF capacitor.
(4) Logic interconnecting lines should be kept to mini-
mum length. A maximum line length of 6 inches is sug-
gested; ringing will begin to get too severe with longer line
lengths. For line lengths greater than 6 inches, signal lines
with series damping resistors are necessary (similar to those
shown in figure 13).

(5) For high fanout (8 or greater) and high speed clock
distribution, twisted pair lines or coaxial cable should be
used. Both of these techniques are described in detail Jater.

Figure 4 shows a double-sided PC board in which the
above rulesare illustrated. Several MECL 10,000 devices are



FIGURE 5 — MECL 10,000 PC Board With Ground Plane
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used with MTTL in a high speed counter, in which the
MECL and MTTL are operated by a comnmon voltage sup-
ply. Notice that VEE and Vc( are both bussed to the
package and that bus lines are as wide as conveniently
possible. Two 0.1 uF capacitors are used for low frequency
bypassing on the board. Each MECL 10,000 device is by-
passed with a 0.01 uF capacitor, and additional bypassing
is scattered through the MTTL circuitry. Note that signal
lines are short and no transmission lines are used.

WITH GROUND PLANE

A ground plane allows best performance for a MECL
10,000 system. The ground plane serves two purposes.
First, it provides a constant characteristic impedance (Zg)
to signal interconnections; secondly, it provides a low in-
ductance path for ground currents on the Vo supply.
As with systems which have no ground plane, certain de-
sign guidelines are recommended as follows:

(1) The ground plane (VCC) need not cover 100% of
the board surface. Approximately 30 to 40% of the ground
area may be removed for signal interconnections, as illus-
trated in figure 5. When using edge connectors, the ground
plane should be pinned out to about every seventh connec-
tor pin.

(2) The VEE supply should be bussed if possible, to pin
8 of each package. Bus line width at any point should be
a minimum of 0.1 inch. Where possible, the VEE supply
should be extended to a plane under the signal lines etched
on the ground plane side of a two-sided circuit board. If
VEE is a plane under these lines, they will exhibit a con-
stant characteristic impedance. This technique is also
shown in figure 5.

(3) Bypassing need not be as extensive as on a board
without a ground plane. Provide a low inductance 0.01
uF capacitor every two to six packages, depending upon
how extensive the ground plane is. As a rule if the ground
plane covers less than 50% of the board area, then bypass
every two packages. On two-sided systems or multilayer
systems where 100% ground plane is present, only one
capacitor for every four to six packages is needed.

{4) In practice, the majority of board interconnects are
shorter than six inches, with fanouts four or less. As dis-
cussed, the rise and fall times of MECL 10,000 allow these
lines to be treated as unterminated transmission lines re-
quiring only a pull-down resistor. Normally, a 510-ohm
resistor to VEE is used. (Detailed limits for interconnections
are provided as a function of line impedance and fanout
in the following section).

(5) For high fanout and high speed clock distribution,
terminated transmission lines or twisted pair lines should
be used. These techniques are discussed in the following
sections.

TRANSMISSION LINE GEOMETRIES

With a ground plane present, three types of transmission
line geometries are feasible: wire over ground; microstrip
line; and strip line. The following sections summarize the
characteristics of each type of line.

(1) Wire over ground — The cross section of a wire over
a ground is shown in figure 6a. The characteristic impe-
dance of the wire is:

60 4h
Zo= — lﬂ (_'“):

g\

where e; is the effective dielectric constant surrounding
the wire. The wire over ground plane is useful for bread-
board layouts (as with single-sided board) and for back-
plane wiring. The characteristic impedance of a wire over
ground plane will be about 120 ohms with variance depend-
ing on the wire size, type of insulation, and distance from
the ground plane.

(2) Microstrip lines — A microstrip line (figure 6b) is a
strip conductor separated from a ground plane by a dielec-
tric medium. Two-sided and most multilayer boards use
this type of transmission line. If the thickness, width, and
height of the line above the ground plane are controlled,
the line will exhibit a characteristic impedance of:

87 ( 598h )
In .
08w+t

N

FIGURE 6 — Transmission Line Geomatries

| C\\l.)PD www fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



