AN1405/D

ECL Clock Distribution
Techniques

Prepared by ON Semiconductor

Todd Pearson
ECL Applications Engineering

http://onsemi.com

APPLICATION NOTE

This application note provides information on system design using ECL logic technologies for reducing system clock skew over
the alternative CMOS and TTL technologies.

INTRODUCTION
IN
The ever increasing performance requirements of today’s

systems has placed an even greater emphasis on the design
of low skew clock generation and distribution networks. OUT
Clock skew, the difference in time between “simultaneous”

" e , . T
clock transitions within a system, is a major component of PLH
the constraints which form the upper bound for the system PWh PWi,
clock frequency. Reductions in system clock skew allow
H H H H fin = fout
designers to increase the performance of their designs
without having to resort to more complicated architectures Figure 1. Duty Cycle Skew

or more costly, faster logic. ECL logic technologies offer a
number of advantages for reducing system clock skew ove

r
. . Output-to-Output Skew
the alternative CMOS and TTL technologies. P P

Output-to-output skew is defined as the difference
betweerthe propagation delays of all the outputs of a device.
A key constraint on this measurement is the requirement that

The skew introduced by logic devices can be divided into the output transitions are identical, therefore if the skew
three parts: duty cycle skew, output-to-output skew andbetween all edges produced by a device is important the
part-to-part skew. Depending on the specific application, output-to-output skew would need to be added to the duty
each of the three components can be of equal or overridingcycle skew to get the total system skew. Typically the
importance. output-to-output skew will be smaller than the duty cycle
skew for TTL and CMOS devices. Because of the near zero

Duty Cycle Skew _ _ duty cycle skew of a differential ECL device the
The duty cycle skew is a measure of the difference o it-to-output skew will generally be larger. The

between the gLy and Ty propagation delays (Figure 1).  o,inut-to-output skew is important in systems where either
Because differences inpily and ey will result in pulse 5 gingle device can provide all of the necessary clocks or for
width distortion the duty cycle skew is sometimes referred e« first level device of a nested clock distribution tree. In

to as pulse skew. Duty cycle skew is important in ege two situations the only parameter of importance will
applicationswhere timing operations occur on both edges or e the relative position of each output with respect to the
when the duty cycle of the clock signal is critical. The later e outputs on that die. Since these outputs will all see the

is a common requirement when driving the clock inputs of g3 mesnvironmental and process conditions the skew will be
advanced microprocessors.

SKEW DEFINITIONS
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significantly less than the propagation delay windows system there is a very real possibility that each device will

specified in the standard device data sheet. see different power supply levels. In this case a specification
limit for a fixed \cc will be inadequate for the design of the
N — systemldeally the data sheets for clock distribution devices
% should include information which will allow designers to
oTa — /] tailor the skew specifications of the device to their
a application environment.
/]
OuTb SYSTEM ADVANTAGES OF ECL
/—
OuUTe / Skew Reductions

ECL devices provide superior performance in all three

I OUTPUT-TO-OUTPUT SKEW areas ofkew over their TTL or CMOS competitors. A skew
reducing mechanism common to all skew parameters is the
Figure 2. Output-to-Output Skew faster propagation delays of ECL devices. Since, to some
extent, all skew represent a percentage of the typical delays
Part-to-Part Skew fasterdelays will usually mean smaller skews. ECL devices,

The part-to-part skew specification is by far the most especially clock distribution devices, can be operated in

Because the part-to-part skew is dependent on both proces§<ew of these devices the differential mode of operation
variations and variations in the environment the resultantShould be used, howeyer even in_t_he single-ended mode the
specification is significantly larger than for the other two Skew performance will be significantly better than for
components of skew. Many times a vendor will provide CMOS or TTL drivers.

subsets of part-to-part skew specifications based on |y v

non-varying environmental conditions. Care should be W\—/_
taken in reading data sheets to fully understand the

conditions under which the specified limits are guaranteed.

If the part-to-part skew is specified and is different than the o / \ /,
specified propagation delay window for the device one can

be assured there are constraints on the part-to-part skew ————— DELAY),

specification. ——— DELAYjom

I . Figure 3. V gg Induced Duty Cycle Skew
Power supply and temperature variations are major g BB 4

contributors to variations in propagation delays of silicon ECL output buffers inherently show very little difference
devicesConstraints on these two parameters are commonlybetween by and Ty delays. What differences one does
seen in part-to-part skew specifications. Although there aresee are due mainly to switching reference levels which are
situations where the power supply variations could be not ideally centered in the input swing (see Figure 3). For
ignored, it is difficult forthis author to perceive of a realistic worst case switching reference levels the pulse skew of an
system whose devices are all under identical thermalECL device will still be less than 300ps. If the ECL device
conditions. Hot spots on boards or cabinets, interruption inis used differentially the variation in the switching reference
air flow and variations in IC density of a board all lead to Wwill not impact the duty cycle skew as it is not used. In this
thermal gradients within a system. These thermal gradientscasethe pulse skew will be less than 50ps and can generally
will guarantee that devices in various parts of the system ar®e ignored in all but the highest performance designs. The
under different junction temperaturenditions. Although it ~ problem of generating clocks which are capable of meeting
is unlikely that a designer will need the entire commercial the duty cycle requirements of the most advanced
temperature range, a portion of this range will need to bemicroprocessors, would be a trivial task if differential ECL
considered. Therefore, a part-to-part skew specified for acompatible clock inputs were used. TTL and CMOS clock
single temperature is of little use, especially if the drivers orthe other hand have inherent differences between
temperatureoefficient of the propagation delay is relatively the TpLy and Ty delays in addition to the problems with
large. non-centered switching thresholds. In devices specifically
designed to minimize this parameter it generally cannot be
For designs whose clock distribution networks lie on a guaranteed to anything less than 1ns.
single board which utilizes power and ground planes an The major contributors to output-to-output skew is IC
assumption of non-varying power supplies would be a valid layoutand package choice. Differences in internal paths and
assumption and a specification limit for a single power paths through the package generally can be minimized
supplywould be valuable. If, however, various pieces of the regardless of the silicon technology utilized at the die level,
total distribution tree will be on different boards within a thereforeECL devices offer less of an advantage in this area
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than for other skew parameters. CMOS and TTL output be one fifth those of CMOS and TTL devices without even
performance is tied closely to the power supply levels andconsidering environmental dependencies.

the stability of the power busses within the chip. Clock The propagation delays of an ECL device are insensitive
distribution trees by definition always switch to variations in power supply while CMOS and TTL device
simultaneouslythus creating significant disturbances on the propagation delays vary significantly with changes in this
internal power busses. To alleviate this problem multiple parameter. Across temperature the percentage variation for
powerand ground pins are utilized on TTL and CMOS clock all technologies is comparable, however, again the faster
distribution devices. However even with this strategy TTL propagatiordelays of ECL will reduce the magnitude of the
and CMOS clock distribution devices are limited to 500ps variation. Figure 4 on the following page represents
— 700ps output-to-output skew guarantees. Wittedihtial normalized propagation delay versus temperature and
ECL outputs very little if any noise is generated and coupledpower supply for the three technologies.

onto the internal power supplies. This coupled with the

faster propagation delays of the output buffers produces-CW Impedance Line Driving , _
output-to-output skews on ECL clock chips as low as 50ps. The clock requirements of today’s systems necessitate an
Two aspects of ECL clock devices will lead to almost exclusive use of controlled impedance interconnect.

significantly smaller part-to-part skews than their CMOs [N the past this requirement was unique to the performance
and TTL competitors: faster propagation delays and delay/€VelS associated with ECL technologies, and in fact
insensitivity to environmental variations. Variations in Precludedts use in all but the highest performance systems.

propagation delays with process are typically going to be However the high performance CMOS and TTL clock

based on a percentage of the typical delay of the devicedistribution chips now require care in the design and layout

Assuming this percentage is going to be approximaterOf PC boards to optimize their performance, with this criteria
equivalent between ECL, TTL and CMOS processes theestablished the migration from these technologies to ECL is
faster the device the smaller the delay variations. Becaus&MPlified. In fact, the difficulties involved in designing

state-of-the-art ECL devices are at least 5 times faster thai{V/th these “slower” technologies in a controlled impedance

TTL and CMOS devices, the expected delay variation would €nVironment may even enhance the potential of using ECL
devices as they are ideally suited to the task.
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Figure 4. T pp vs Environmental Condition Comparison

The low impedance outputs and high impedance inputs ofDifferential Interconnect

an ECL device are ideal for driving&Go 13@ controlled The device skew minimization aspects of differential ECL
impedance transmission lines. The specified driving havealready been discussed however there are other system
impedance of ECL is %0 however this value is used only level advantages that should be mentioned. Whenever clock
for convenience sake due to theCsBnpedance of most  lines are distributed over long distances the losses in the line
commonly used measurement equipment. Utilizing higher and the variations in power supply upset the ideal
impedance lines will reduce the power dissipated by therelationship between input voltages and switching
terminationresistors and thus should be considered in powerthresholds. Because differential interconnect “carries” the
sensitivedesigns. The major drawback of higher impedance switching threshold information from the source to the load
lines(delays more dependent on capacitive loading) may notthe relationship between the two is less likely to be changed.
be an issue in the point to point interconnect schemeln addition for long lines the smaller swings of an ECL
generally used in low skew clock distribution designs. device produce much lower levels of cross-talk between
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adjacent lines and minimizes EMI radiation from the PC PECL devices on a +5 volt supply and incorporating
board. termination techniques which do not require a separate

There is a cost associated with fully differential ECL, termination voltage (series termination, thevenin
more pins for equivalent functions and more interconnect toequivalent) ECL can be incorporated in a CMOS or TTL
be laid on a typically already crowded PC board. The first design with no added cost.
issue igeally a non-issue for clock distribution devices. The  The reason for the choice of negative power supplies as
output-to-output and duty cycle skew are very much standardor ECL is due to the fact that all of the output levels
dependent on quiet internal power supplies. Therefore theand internal switching bias levels are referenced to ghe V
pins sacrificed for the complimentary outputs would rail. It is generally easier to keep the grounds quieter and
otherwise have to be used as power supply pins, thusequal potential throughout a system than it is with a power
functionality is actually gained for an equivalent pin count supply. Because the DC parameters are referenced to the
as the inversion function is also available on a differential V¢ rail any disturbances or voltage drops seen @ Will
device. The presence of the inverted signal could betranslate 1:1 to the output and internal reference levels. For
invaluable for a design which clocks both off the positive this reason when communicating with PECL between two
and negative edges. Figure 5 shows a method of obtainindoards it isrecommended that only differential interconnect
very low skew (<50ps) 18Ghifted two phase clocks. be used. By using differential interconnegidAariations

It is true that differential interconnect requires more within the specified range will not in any way affect the
signals to be routed on the PC board. Fortunately with theperformance of the device.
wide data and address buses of today’s designs the clock Finally mentioning ECL to a CMOS designer invariably
linesrepresent a small fraction of the total interconnect. The conjures up visions of space heaters as their perception of
final choice as to whether or not to use differential ECL is high power. Although it is true that the static power
interconnecties in the level of skew performance necessary of ECL is higher than for CMOS the dynamic power
for the design. It should be noted that although single-endeddifferences between the technologies narrows as the
ECL provides less attractive skew performance thanfrequency increases. As can be seen in Figure 6 at
differential ECL, it does provide significantly better frequencies as low as 20MHz the per gate power of ECL is
performance than equivalent CMOS and TTL functions. actually less than for CMOS. Since clock distribution
devices are never static it does not make sense to compare

Cenr B D Q the power dissipation of the two technologies in a static
: o i ClKa environment.
— 20
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) ) o Figure 6. ICC/Gate vs Frequency Comparison
Itis hard to argue with the clock distribution advantages

of ECL presented thus far, but it may be argued that except

for all ECL designs it is too costly to include ECL devices MIXED SIGNAL CLOCK DISTRIBUTION

in the distribution tree. This claim is based on the

assumption that at least two extra power supplies areECL Clock Distribution Networks

required; the negati\/e B¢ Supp|y and the negati\/e-l—v Clock distribution in a ECL system is a relatively trivial
termination V0|tage_ Fortunate|y both these assumptions arénatter.Figure 7 illustrates a two level clock distribution tree
false. PECL (Positive ECL) is an acronym which describes Which produces nine differential ECL clocks on siXelient
using ECL devices with a positive rather than negative cards. The ECLInPS E211 device gives the flexibility of
power supply. It is important to understand that all ECL disabling each of the cards individually. In addition the
devices are also PECL devices. By using ECL devices assynchronous registered enables will disable the device only
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whenthe clock is already in the LOW state, thus avoiding the As a result many systems need both ECL and TTL clocks
problem of generating runt pulses when an asynchronouswithin the same system. Unlike the situation outlined in
disable is used. The device also provides a muxed clockFigure 8 the ECL levels are not merely intermediate signals
input for incorporating a high speed system clock and abut rather are driving the clock inputs of the logic. As a result
lower speed test or scan clock within the same distributionthe ECL edges need to be matched with the TTL edges as
tree.The ECLINPS E111 device is used to receive the signalspictured in Figure 9.

from the backplane and distribute it on the card. The worst - |

case skew between all 54 clocks in this situation would be
275ps assuming that all the loads and signal traces are
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Figure 7. ECL Clock Distribution Tree

. o ETgm— ]
Mixed Technology Distribution Networks | >]

Building clock networks in TTL and CMOS systems can | —

; . : DELAY

be a little more complicated as there are more alternatives o |
available. For simple one level distribution trees fanout __ _ _ __ __ __ I__ | : T
devicedike the MECL 10H645 1:9 TTL to TTL fanout tree I E1M ! DELAY I
can be used. However as the number of levels of fanout % I : %:
increases the addition of ECL devices in an other wise TTL . | oL — ]
or CMOS system becomes attractive. In Figure 8 on the next :g; o | 3 -
page an Elldevice is combined with a MECL H641 device ® § He41 1
to produce 81 TTL level clocks. Analyzing the skew | I—c% ! & : %:
betweerthe 81 clocks yields a worst case skew, allowing for f 1 |
the full temperature and ¢ range variation, of 1.25ns. e - | EC : 7Ll
Under ideal situations, no variation in temperature ¢ V | ¢
supply,the skew would be only 750ps. When compared with | 8 |
distribution trees utilizing only TTL or CMOS technologies I I—c
these numbers represeri0% improvement, more if the R -
environmental conditions vary to any degree. For a 50MHz Figure 9. Mixed ECL and TTL Distribution

clock the total skew between the 81 TTL clocks is less than

6.5% of the clock period, thus providing the designer extra ) :
margin for layout induced skew to meet the overall skew | - OF CMOS equivalent function. Therefore to de-skew
budget of the design. the ECL and TTL signals of Figure 9 a delay needs to be

Many designerbave already realized the benefits of ECL added to _the input of the ECL c_IeV|ce. Because a dyngmlc
clock distribution trees and thus are implementing them in 9€lay_adjust would not lend itself to most production
their designs. Furthermore where they have the capability,Machines a static delay would be used. The value of the
i.e. ASICs, they are building their VLSI circuits with ECL  d€lay element would be a best guess estimate of the

compatibleclock inputs. Unfortunately other standard VLS| differences in the two propagation delays. It is highly
circuits such as MICroprocessors, microprocessor supporynllkelythat the temperature coefficients of the propagation

chips and memory stitling to TTL or CMOS clock inputs. delays of the ECL devices, TTL devices and delay devices

An ECL clock driver will be significantly faster than a
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would be equal. Although these problems will add skew to building of precisely aligned clock trees based on either
the system, the resultant total skew of the distribution ECL, TTL, CMOS or differential GTL (or a mixture of all
network will be less than if no ECL chips were used. four) compatible levels.

PLL Based Clock Drivers REFa 4 |—,7

A potential solution for the problem outlined in Figure 9

is in the use of phase locked loop based clock distribution | | |
chips. Because these devices feedback an output and lock ifEF

to a reference clock input the delay differences between the ,_li
various technology output buffers will be eliminated. One 0uTb —I—, l l

might believe that with all of the euphoria surrounding the

performance of PLL based clock distribution devices that OUTa | | | | | |

the need for any ECL in the distribution tree will be

eliminated. However when analyzed further the opposite 7/ 7

appears to be the case. //// /// ///
For a single board design with a one level distribution

systemthere obviously is no need for ECL. When, however, [ DEVICE SKEW SYSTEM SKEW

a multiple board system is required where nested levels of

devices are needed ECL once again becomes useful. One

majoraspect of part-to-part skew for PLL based clock chips  Figure 10. System Skew For PLL Clock Distribution

often overlooked is the dependence on the skew of the

various reference clocks being locked to. As can be seen irconclusion

Figure 10 the specified part-to-part skew of the device The best way to maximize the performance of any
would necessarily need to be added to the reference clockynchronous system is to spend the entire clock period
skew to get the overall skew of the clock tree. From the performing value added operations. Obviously any portion
arguments presented earlier this skew will be minimized if of the clock period spent idle due to clock skew limits the
the reference clock is distributed in ECL. It has not been potentialperformance of the system. Using ECL technology
shown as of yet where a PLL based ECL clock distribution devices in clock distribution networks will minimize all
chipcan provide the skew performance of the simple fanoutaspects of skew and thus maximize the performance of a
buffer. From a system standpoint the buffer type circuits aresystem. Unfortunately the VLSI world is not yet ECL clock
much easier to design with and thus given equivalenthased sthat the benefits of a totally ECL based distribution
performance would represent the best alternative. The extrareecannot be realized for many systems. However there are
features provided by PLL based chips could all be realizedmethods of incorporating ECL into the intermediate levels
if they were used in only the final stage of the distribution of the tree to significantly reduce the overall skew. In
tree. addition the system designers can utilize their new found
The MPC973 is a PLL based clock driver which features knowledge to incorporate ECL compatible clocks on those
differential PECL reference clock inputs. When combined VLS| chips of which they have control while at the same
with the very low skew MC10E111 fanout buffer, very low time pressuring other VLSI vendors in doing the same so

skew clock trees can be realized for multiprocessor MPPthat future designs can enjoy fully the advantages of
designs. There will be a family of devices featuring various distributing clocks with ECL.

technology compatible inputs and outputs to allow for the
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Notes
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