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ummary

At high bus frequencies, motherboard design becomes geometrically more difficult
since amultiplicity of design factorsinteract to defeat the integrity of the design.
Circuit traces become transmission lines, coupling occurs between traces, and
power supplies require additional decoupling. Shorter lead length increases circuit
density and produces greater thermal concerns. Clock generator location and clock-
line layout becomes critical. High speed design can be made easier and more reli-
able using circuit simulation and other sophisticated design techniques and by con-
sidering the recommendations given in this application note.

This document applies to all Cyrix CPU unless otherwise specified.
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Introduction

Introduction

In recent years, the Cyrix x86 family of processors has gained increased perfor-
mance due, in part, to higher bus speeds. This chapter isintended to help mother-
board designers properly design a motherboard to accommodate a Cyrix 6x86M X
operating at 75 MHz.

At this high frequency of operation, more attention must be paid to board character-
istics such as:

* Traceto trace capacitance

* Transmission line effects

* Power supply decoupling

e Thermal constraints

* Clock distribution

In the following paragraphs these characteristics and methods for the reducition of
these effects are discussed.

Trace to Trace Capacitance

The impedance of a capacitor gets smaller at higher frequencies (neglecting effec-
tive seriesinductance and resistance). Specifically, the impedance from one board
trace to another gets smaller as board frequencies go up. In the equation below the
impedance (2) is calculated at a specific frequency (f), and for atypical capacitance
between two board traces (C").

1

Z = e = e

1
joC  2jTfC’
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Trace to Trace Capacitance

At 20 MHz with 5 pf capacitance between board traces, there is an interconnective
impedance of:

1 1
Z=— == = 1591Q
jwC  2jtx 20MHz x 5pf

Since the characteristic impedance of the lines is about 150 ohms the line imped-
anceisnegligible, creating a small amount of cross coupling. These coupling isfur-
ther reduced when the driving source impedance is included.
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Trace to Trace Capacitance

At 75MHz, the effect of intertrace impedance becomes more pronounced:

1 1

= = 424Q
jwC  2jTtx 75MHz x 5pf

At still higher frequencies, the trace to trace impedance gets closer to the character-
istic impedance of the source and transmission line and intertrace crosstalk
becomes even more pronounced. For example, at 100MHz the impedanceis 318
ohms, and thisis only twice the characteristic impedance of the line.

In higher speed designs, signal integrity analysis should be performed to predict the
effects of cross connection interference. The primary observable effect will be digi-
tal noise appearing at random. Setup and hold times are particul arly succeptible and
this may lead to unstable operation.

Expedient layout, such as long parallel bus runs between devices, can cause diffi-
culty in troubleshooting noise and cross-talk problems. These problems can be
largely prevented by employing short traces and minimizing parallel bus runs. If
two lines must run afairly long distance, two different trace paths are preferred. If
device location prevents this approach, then the use of vias and jump-overs, every
centimeter or two, is recommended.

Although there will be many more cross couplings to a given line due to line shuf-
fling, the cross couplings will be to different lines and no one given line will bear
the bulk of all the interference.

Boards with lower dielectric coefficients are recommended, as they have less |ead-
to-lead capacitance.

Capacitance can also be reduced by increasing the spacing between conductors, and
increasing the interplane board material thickness.
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Transmission Line Effects and Reflection

Transmission Line Effects and Reflection

Zr

28 Zl
/\/\/\/ Wd /\N\/ WYref

Electrical Model of a Transmission Line

A model of atransmission lineis shown above. When awavefront of source voltage
Vs. islaunched into atransmission line, the wavefront voltage (Vd) becomes:

Zs

Vd = Vsx o5

[Equation 1]

where:

Vd isthe drive voltage at the pin of the driver (that is after Zs)
Zsisthe source impedance
Zl is the characteristic impedance of the transmission line.

This smaller wave then propagates down the line to the end of the transmission line
where it encounters Zr, the receiver impedance. However, when awavefront hits an
impedance, it divides down in amplitude, then reflects, doubling the voltage differ-
ence after being divided by its impedance mismatch. The reflection amplitudeis
given by:

Zt
Zt+ 70

Vref = (Vw—-Vi) x 2 x [Equation 2]
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Transmission Line Effects and Reflection

where:

Vw isthe incident wavefront voltage

Vi istheinitial voltage at the reflection point

Zt isthe impedance the wavefront hits

Zo isthe characteristic impedance of the line the wave was following.

For example, if a1V wave on aline impedance of 100 ohms hits a 200 ohm imped-
ance, and the 200 ohm impedance already has 1/2 volt on it, the apparent voltage of
the reflected wave will be:

1 1 200
Va=zV+ - Oyxox 2= __ = 1166 V
as=s3 %lzﬂ €% 200+ 100

This reflected wave then propagates back, and the procedure repeats on the trans-
mission side, reflecting back and forth until the steady state line voltage is reached.
Depending upon how mismatched the source impedance, line impedance, and
receiver impedance are, and the propagation time on the line, the reflections can
take along time to settle out.

When the source voltage has a rise time associated with it, the reflections that
bounce back and forth are not distinctly identifiable, since the source wave may till
be rising during the reflections. Thiswill cause the reflected waves to take on a
more rounded shape, which gives rise to the phenomenon commonly known as
overshoot, undershoot, and ringing.

These characteristics should not be considered as noise, since they are an inherent
part of the signal propagation. However, the ringing can cause erroneous operation
on a motherboard. Additionally, the ringing can couple to other circuits through
capacitive paths between traces.

The key to preventing these problems is to provide proper termination for the trans-
mission lines. A properly terminated transmission line will not reflect any signal,
and no overshoot, undershoot or ringing will occur.
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Transmission Line Termination

Other line characteristics that affect a clean signal transmission are turning radii of
wires and extraneous viasin aline. Ninety degree turns and vias in a path create
discontinuities that result in transmission line impedance mismatch. These disconti-
nuities cause signal reflections. To minimize these effects, use as few vias as possi-
ble, and use 45 degree turns instead of 90 degree turns.

Transmission Line Termination

Several common ways to reduce reflections on a transmission line include the use
of diode clamping, series dampening resistors, balanced and unbalanced termina-
tion resistors, and resistive-capacitive termination.

Ideally, if the driver source, the transmission line and receiver impedances were all
the same, the signal would propagate to the end cleanly with no reflections. Thisis
rarely the case, so aproper termination technique should be employed. Note that on
aPCl bus, reflections are a required part of the bus specification; therefore, so the
following techniques should only be exercised on signals where reflections and
ringing need to be kept to a minimum.

Diode Clamping is a common technique where a pair of normally reverse biased
diodes are wired from the end of atransmission lineto either Vcc or ground. When
awave hitsthe end of theling, it startsto reflect off the high impedance and triesto
doublein voltage; however, the fast diode starts to conduct and holds the overshoot
or undershoot to a one diode voltage drop above or below the associated power rail.
Thought of another way, the impedance of the diode, being variable according to its
forward bias, will somewhat closely match itself to the transmission line imped-
ance, thereby limiting the reflection to a diode drop. This method does not prevent
the reflection, but limits the overshoot on thefirst reflection. Successive reflections
will not be suppressed since they won't fall above the diode's bias requirement. The
diode clamping technique is shown in the figure on the next page.
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Transmission Line Termination

Z0

2
H—L+-§

Diode Clamp Termination

Series resistive dampening is another technique used to limit ringing and reflec-
tions. By putting a small valued resistor (10 to 30 ohms) in series with the drivers,
as shown below, the rise time of the signal at the transmission lineisincreased due
to the time required to charge the line capacitance. This alows the reflection to be
reduced in amplitude; however, this method also allows the source impedance of
the driver to be more closely matched to the characteristic impedance of the trans-
mission line. This does not address the reflection at the high impedance end of the
line. Additionally, series resistors can limit the drive levels on a heavily loaded line
to the point where alogical high may not have the noise immunity headroom for the
circuit being driven. This method is shown in the figure on the next page.

22 ohms 21

5\%/\/\/\/%

211z the characteristic mpedance of the transmission line.

Series Resistor Termination
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Transmission Line Termination

Another method of terminating a transmission line is the use of unbalanced termi-
nation resistors. This technique involves placing resistors at the end of the transmis-
sion line to Vcc or more preferably the ground bus. By selecting aresistor value
that comes close to the characteristic impedance of the line, the reflected waveform
voltage will tend to cancel out with the incident waveform voltage per Equation 2,
and no apparent reflection will occur.

The unbalanced termination resistor (Zt) is selected so that when it is connected in
parallel acrossthe receiver (load) impedance (Zr), the resulting impedance is equal
to the transmission line impedance. Selecting atermination resistor based on the
transmission line impedance will often not only create a mismatch, but will heavily
load down the line driver, possibly holding the steady state level of the signal below
the required high level voltage. It also has the effect of forcing a normally tri-stated
businto alogical one or zero state, and increasing the current requirements during
steady state signaling. The unbalanced resistor termination technique is shown
below.

Zs Zl (transmission line impedance)

W

7t Zr

Zr 15 the receiver's impedance
Zt 13 the unbalanced termination resistor

Unbalanced Resistor Termination

10
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Balanced Termination Resistors

Balanced Termination Resistors

Thistechniqueislike the single resistive technique, except that by using two resis-
tors, each twice the value of the line impedance and wiring the bus to both Vcc and
toground ina“T" network, the drive low current and the drive high current
required to pull the busis reduced by afactor of 2. It also allows the bus to “float”
to the midpoint between the voltage rails. It does share the disadvantage of making
the drivers work harder in steady state, but to alesser extent.

RC Series Termination

Thistechnique involves attaching an RC series network to the end of the transmis-
sion line. The RC series network is designed to provide an impedance that is
matched to the characteristic impedance of the transmission line, but at a frequency
determined by the rise and fall times of the incident wave. Thiswill suppress any
reflections while not wasting the DC drive capability of the source drivers. This
method has the disadvantage that the line being terminated should be well catego-
rized as to it's characteristic impedance. The RC phase diagram is shown on the
next page.

Thevalue of C should be where Tr istherise time of the incident signal, and

3xTr
V4

Zo isthe characteristic impedance of the transmission line. Thisis derived from the

following: At the primary frequency of you want a very low impedance

1
2xTr’
path provided by C, and the rest of the characteristic termination impedance to be
taken up by R. Thisisto allow the AC component to be absorbed by the termina-
tion, while allowing the DC portion of the wave to remain unloaded. If Zo isthe
transmission line impedance, and a factor of 10 lower AC impedance is chosen for
the termination capacitor, then

1 _ Zo

|Zc| = € - 16 [Equation 3]
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RC Series Termination

Substituting 2x—1Tr for f, and solving for C we get:

_ 10Tr _3Tr
Zom Zo

To choose an appropriate Series Resistor, we need to compute the total impedance
of the RC network, and solve for the resistance value.

|Zo| = Jzr? + |Zc|2 [Equation 4]

The magnitude of Zo is equal to the square root of the sum of the squares of Zr
(impedance of the resistor) and Zc (the impedance of the capacitor) as shown
below.

+

2

P E

Zc
el

Phasor Diagram for Series RC Termination

12
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RC Series Termination

For a 100 ohm characteristic line impedance and 4 nsrisetime, C = 120 pF, Zcis
found by:

bl

wC

Zc = -

- gl

Zc = = -10.6j
¢ 211x 125MHz x 120pf )

Solving Equation 4 for R, we get

R = Jzo’—7c% = J1002—10.6% = 99Q

So the complete RC termination circuit for a characteristic line impedance of 100
ohmswith asignal rise time of 4 nsis shown in the figure below.

Zo

Wd \X\/\ Wref

2

120pF

89 ohms

THAM—

Series RC Termination

Of course, if the receiving element has a termination impedance that iswithin afac-
tor of ten of the characteristic line impedance, its impedance should be considered
in parallel with the termination network, and the network should be recal cul ated
appropriately. This termination network will generally work well over a 60% to
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Power Supply Decoupling

150% range of the desired characteristic impedance. For example, if the network is
designed for 100 ohms, it will work well from 60 ohmsto 150 ohms line imped-
ance.

Power Supply Decoupling

At higher bus frequencies, internal circuits and bus lines switch more often. Addi-
tionally, faster parts of a given technology often have faster signal rise and fall
times. The more frequent and faster transitions dump more electrical energy
through board capacitance and internal CM OS gate capacitance. Since all real life
capacitors are lossy, this creates the need for afast response from the power supply
to keep the voltage supplying the circuits at a steady state.

At 75 MHz and beyond, almost all of the current being used by a CMOS circuit is
due to switching the internal capacitances on and off very quickly, and the value of
the current becomes more proportional to the operating frequency.

To supply a steady power supply voltage to the quickly switching circuits, the
power supply must provide very low impedance to the high speed frequencies
involved. Thisis accomplished using an adequate quantity and value of low ESR
(Effective Series Resistance) capacitors.

Decoupling Capacitors

There are usually three values of decoupling capacitors used on motherboards, each
addressing a different frequency spectrum required of the power supply. The large,
bulk decoupling capacitors, which usually have a high ESR, are placed on a board
to compensate for voltage regulator recovery delays and long leads from the power
supply. They provide the ability to detune and decoupl e the low frequency changes
in the current. One such example is the entry and exit from suspend mode where
motherboard current can swing from near zero to 5 A or more. These large capaci-
tors are selected to hold the power bus reasonably stable during the surges until the
regulator can stabilize at the new current draw.

14
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Decoupling Capacitors

The next smaller valued capacitors, usually in the 0.1 pF range of value, isused to
help decouple some of the higher frequency components that the self-inductance of
the larger, bulk capacitors cannot deliver in microsecond times. These are usually
chip capacitors with about 1 nH of self inductance. This type of capacitor usually
has a self resonant frequency given by:

1 .
fr = [Equation 5]
2mJ/LC
fr = L = 16MHz

211/1 x 107 x 100 x 10°°

Above these frequencies, the 0.1 pF capacitors are not as effective at shunting out
the higher frequencies. Additionally, the inductance of the copper lines or planes
from the capacitors to the actual device pins adds a high frequency impedance to
the capacitor and further reduces the capacitor's ability to decouple higher frequen-
cies.

At higher bus speeds, however, even these chip capacitors have too much self
inductance in series with their capacitance to meet the demands of high speed, high
current switching circuitry. A third, smaller value of capacitor, specifically selected
for high frequency decoupling is required. These are usually 0.01 pF capacitors
with very low ESR (about 500 pH) whose self-resonanceis given by Equation 5 or:

1

-1 = 71MHz
2m/LC  2m,/500 x 102 x 10 x 10°°
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Low Frequency Decoupling Techniques

In the following example, the high frequency portion of the power grid of a mother-
board is shown.

0.0040hm 0.004chm {1 0.0040hm

i JEOETNT Y 5 i
11nH 11nH
33— 100nF 10nF
T I L 2
pEP: 3 500pH
¢ ¢

High Frequency Model of Power Grid

In this circuit example, the switch selects between a 150mA and a 300 mA load,
emulating the nominal current switching of 3 power pin pairs of a Cyrix 6x86M X
processor during normal operating conditions. The 11nH inductances in series with
the 4 milliohm resistors approximates the voltage and ground plane interconnects
between decoupling capacitors and the Cyrix 6x86M X processor power pins. The
inductances in series with the capacitors approximate the decoupling capacitors,
complete with their series ESR. The 3.3V battery emulates the voltage regulator
and it's bulk filtering capacitors. This circuit, when simulated in SPICE, resultsin
voltage spikes, as measured at the switch simulated pin, of 1.5 volts, and approxi-
mately 1 nanosecond in duration. Fifteen capacitor pairs will provide sufficient
decoupling of the high frequency noise induced by the switching logic in Cyrix
6x86M X processor. In general, use one pair per 300mA of load current unless the
wiring to the capacitorsis excessively long.

Low Frequency Decoupling Techniques

Low Frequency decoupling, also known as bulk decoupling, provides energy stor-
age capacity for the processor during prolonged transients during which the power
source is unable to meet due to its transient response time. Power sources vary
widely in their response to transients from the processor. Typically, the response
time of most power sources range from 1 to 100ms.

16
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Low Frequency Decoupling Techniques

Power plane and power trace inductance to the processor must be minimized. This
inductance impedes the response time of the power source, resulting in more
intense voltage spikes during processor switching transients. By placing the decou-
pling capacitors as close to the processor or load as possible, the inherent induc-
tance in the supply leads is compensated for, resulting in a smoother power supply
voltage.

Another very important parameter to be concerned with in choosing capacitors for
bulk decoupling is Effective Series Resistance (ESR). High ESR capacitors will
drop too much voltage across the capacitor at high currents, adding to the voltage
transients. Precautions should be made to select bulk decoupling capacitors which
have low ESR values.

The formulafor calculating the required bulk capacitance including ESR is as fol-
lows:

_ .
C=1 v | x ESR [Equation 6]

where:

| = Worst case change in current for the supply

dt = Response time of the power source to the changein current
dV = Maximum allowable change in voltage for the load

ESR = ESR of al capacitors used in decoupling the power source.
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High Frequency Decoupling Techniques

oH Be

] OCI OCI OCI OCI OCI OCI OD ODDD ODDD OCI OD OD OD OCI OD

(9]

o o 1 ) N Y o O o
B R e R R H e
OD o O
OD

OEOD ODODO
(e o] OO0
DDCI DDDDD
DDDI:ID DngD
[ e e [ e el
CIODDD DODOD
[ ] [ ]
ooo Lo i e }
IijPD I:IDCIDI:I
I:IOI:IOCI CIOCIOI:I
ODODO ODODO
CPCPD CIDDDD
CIODOI:I I:IOI:IOD
[ ] [ ]

(e e e N e a s e ool
oo o o ooo oo oo oo o0

Bulk Decoupling Capacitors Placement

High Frequency Decoupling Techniques

The high frequency decoupling technique is required to smooth transients that are
too fast to be handled by bulk decoupling capacitors. Typically, ceramic high fre-

guency decoupling capacitors are used as they have low inductance.

These capacitors should be placed as close to the power pins of the processor as
physically possible. It is also critical that the traces from the capacitors go directly
to the power and ground planes with leads as short as possible. Thiswill prevent

any board inductances from voiding the decoupling effectiveness.

Cyrix recommends that a motherboard designer use a minimum of 30 high fre-
quency decoupling capacitors. Surface mount capacitors that are evenly distributed
close to the processor work well. Suggested values are fifteen 0.1 pF capacitors and
fifteen 0.01 pF capacitors. These capacitors are in addition to the low frequency
decoupling capacitors.

18
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High Frequency Decoupling Techniques
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Placement suggestions for high frequency decoupling capacitors for Socket 7.
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Thermal Concerns

Thermal Concerns

As the frequency increases on a board, the transistors switch more frequently and
thus dissipate more power. In order to design a board to run at higher frequencies,
the intersignal capacitance must be reduced by making signal lines as short as pos-
sible.

Asthe frequency isincreased, the thermal problem is aggravated by the shorter line
lengths recommended in previous paragraphs. The more densely populated board
components block the airflow and to alesser degree absorb each othersradiate heat.

The overall capability of amotherboard to dissipate heat is controlled by many vari-
ablesincluding case air flow, case volume, ambient temperature, number and posi-
tion of any plug-in cards, aswell asthe number and thicknesses of signal and power
planes.

Assuming natural convection cooling in an operating environment temperature of
35° C, an average junction temperature of devices not exceeding 100° C, a mini-
mum of two signal layers of 1 oz/square foot thickness, 2 power planes of 3 0z/
square foot thickness, the ideal maximum power density to put on a motherboard is
0.04 watts per square centimeter, evenly distributed over the board. If adequate air-
flow isincluded in a design, this dissipation recommendation can be made higher.
Refer to the Cyrix Thermal Considerations Application Note 105 for more informa-
tion.

Clock Distribution

As clock frequency goes up, clock-skew tolerance through the motherboard drops
dramatically. Clock skew results from using different clock drivers and the exist-
ence of different clock path lengths. Since the chipsets, CPU, and peripheral com-
ponents all use the same clock, it is critical that the clock signal be correctly
distributed in away that minimizes skew from chip-to-chip.

It is best to keep clock skew, clock reflections and noise to a minimum to ensure
that the clock waveform shape stays as close to ideal as possible. Another approach
in clock distribution design isto introduce delay purposely in the appropriate clock
lines. Circuits dependent on setup or hold times are often the most affected by clock
skew.

20
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Clock Distribution

Since all components must be in different physical positions, distance to each com-
ponent from the clock driver will vary. By planning a clock distribution network
early in the layout process, clock skew can be minimized.

Ideally, a good design should start with equal clock flight times to every chip using
the clock signal. There are three distinct distribution methods for a clock line: ran-
dom spawning, daisy chaining, and radial distribution. Each has their merits and
deficiencies and are discussed below. Random spawning distribution is essentially
randomly attaching a branching path to the main clock path wherever it is most
convenient. A random-spawning clock distribution is shown in the figure below.

CLE=clock source E=clock receiver/chipset

Random Spawning Clock Distribution

In this example, the clock is distributed from one point, and receiving components
pick off the clock signal from the net as needed. This method is the most convenient
for routing a clock signal, however it resultsin so many impedance mismatches
along the route, unterminated ends, and mismatched flight times, that it will cause
timing skew errors, reflections, and noise pickup from nearby lines. This distribu-
tion technique is only valid for circuits with high noise margins, and clock rise
times in excess of the longest flight time. This distribution technique is a poor
choice for high speed motherboard design and should be avoided.

Daisy Chaining, as shown in the figure on the next page, is a more dependable ver-
sion of the random spawning method of clock signal distribution.
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Clock Distribution

Termnation

% Crrocult

In this example, a single transmission line goes from source to receiver to receiver,
without creating any unnecessary “stubs lines” along the way. When the clock
launches awaveform, it will propagate al the way to the termination circuit, which
will prevent reflections and maintain the original clock waveform along the entire
circuit. Often, asmall valued resistor of 10 to 22 ohmsis placed immediately after
the clock source. This has several benefits. First, it helps to match the impedance of
the clock source to the clock transmission line, thereby reducing signal launch ring-
ing and reflections.

CLE=clock source  E=receiver

Daisy Chaining Clock Distribution

Secondly, the series resistance, coupled with the distributed capacitance of the
transmission line will slow down rise and fall times of the wave by filtering out the
high frequency harmonics of the clock line. Thiswill have the effect of “rounding
the edges’ of the clock signal. Thiswill reduce el ectromagnetically radiated noise
from the motherboard, and al so reduce the amount of noise the clock line intro-
duces into nearby PCB conductors. Higher frequency harmonics couple to other
signal lines much easier than the primary frequency of the clock.

Thirdly, if reflections are produced off the end of the transmission line due to amis-
match between the characteristic line impedance and the termination circuit imped-
ance, the series resistor will help to dissipate the resultant ringing. Using the daisy
chain method of clock distribution will help minimize impedance mismatches
along the transmission line by eliminating stub-outs. If abranch isrequired in a
daisy chain distribution, it should be kept to no longer than 2 centimetersin length.

Oneflaw in the daisy chain distribution technique is that each receiver gets clocked
at aglightly different time since the wave takes afinite time to propagate to the end
of the transmission line. If each chip's setup and hold times have sufficient slack in
them relative to all the other drivers and receiversin the other chips using the clock,
then the daisy chain solution will work. If cycle timings are so close that the total
flight time approaches the slack between chipsets, then setup or hold time viola
tions are imminent.
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Clock Distribution

Radial Clock Distribution is shown in the figure below. It addresses most of the
deficiencies of the above distribution techniques.

Es

Radial Clock Distribution

In this distribution scheme, the clock generator is centralized, and distribution is
made from one common point. Additionally, if any physical distance from the clock
to the receivers are significantly shorter, a path must be chosen to that receiver to
compensate for the shorter flight times. The goal intheradial distribution technique
isto provide the same wave flight time to each receiving element in the circuit. That
way, clock skew is minimized and setup and hold times are equalized, resulting in a
more robust design.

A small source resistor is also sometimes included in the layout for the same rea-
sons given in the daisy chain method. Additionally, an RC termination circuit
should be added to each receiving element to keep the reflections and ringing to a
minimum. The RC termination is preferred since it does not induce any DC loading
to the clock source. A disadvantage to this method is that the clock layout needs to
be carefully considered and the remaining layout will become more difficult.

Regardless of which distribution method is used, it isimportant that reflections and
ringing be minimized in any design. Reflections will appear as periodic noise on
the clock line and will cause noisy coupling to nearby circuits, setup/hold time vio-
lations, data corruption, and radiated electromagnetic field emissions. The safest
way to eliminate thisis by properly terminating all clock transmission lines.
Another good design practice in clock distribution isto surround the clock line by
two ground traces along its flight as shown in the figure on the next page.
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Clock Distribution

Ground Trace Shield
CLE %]
il

T % RC Term

Clock Shielding

In this example, a pair of ground lines run adjacent to the clock line, and the termi-
nation circuit completesthe transmission line. It isimportant to ground the shield at
the source and not at the receiving end of the line. If thislooks like a coaxial solu-
tion, you're on the right track. At high frequencies, a shield around the clock line
will help prevent transmission of clock harmonics to surrounding circuitry, as well
as prevent surrounding circuitry from coupling their signalsinto the clock line. Ide-
ally, the clock and shield should be located next to the ground plane, and there
should be no signals on adjacent planesin the vicinity of the clock line.

There are a number of different ways of distributing the clock line in aboard
design. Through careful planning and by keeping the impedances of the line and
termination consistent one can minimize;

* Clock skew for different loads
* Reflections

* Ringing

* Clock waveform harmonics

* Coupling of signals and clocks.

24
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Additional General Design Considerations

There are a number of other design considerations to account for in a high speed
design. Any turns taken by a high speed signal should be made smoothly, or at 45
degree angles and never at 90 degree angles, except for via (plane to plane connec-
tion) holes. Additionally, every via hole for asignal introduces two 90 degree turns
which will appear as slight impedance discontinuities. Excessive use of vias or
turns on asignal will increase reflective ringing on the line.

When designing a motherboard for use with the Cyrix 6x86M X processor and
Intel” Pentium™ processors, it is very important to compare the timing specifica-
tions of the two parts, megahertz for megahertz, and design for the worst case of
each AC signal timing. Most of the signal valid, setup, and hold times are compati-
ble, but a few differences exist, and can vary from revision to revision of the parts.
For example, if acertain signal has a setup requirement of 3 ns on a Pentium pro-
cessor, and 2 ns on an Cyrix 6x86M X processor, then the worst case of 3 ns should
be used in design and simulation. If aclock to valid time for asignal is5 nsfor an
Cyrix 6x86M X processor and 3 ns for a Pentium processor, then the 5 nstime
should be used for design. Generally, use the longest setup times, the longest output
launch valid times, and the shortest hold times. Be sure to consider all required fre-
guency variations of parts when choosing the correct design timings.

Since design timing errors are difficult to prevent in most high speed designs, it is
very useful to include debug tools in the first phases of a design. For example, put-
ting a zero ohm jumper in line with the control signals of the CPU allows easier
probing of the signals and the ability to insert adelay or resistive element if needed.
Placing test pointsin afirst pass design also allows control signals and data busses
to be probed easier without introducing excessive bus capacitance. Asadesign is
debugged, small test points and debugging aids can be extracted from the circuit to
reduce fabrication costs.
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