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Techniques

Using routing techniques
to minimize skew

Faster designs leave smaller tolerances

s bus designs get faster and
faster, printed circuit board
tolerances for skew get
proportionately smaller.
For example, a Direct RDRAM
channel can deliver data at up to
400 MHz, while allowing a total of
only 125 picoseceonds of intercon-
nect skew. Thus, proper routing
techniques are crucial to the design
of PCBs such as Direct RDRAM. By
paying critical attention to design
strategy, you can incorporate routing
procedures that remove systematic
sources of skew from your design.
Some of the techniques that are
especially useful in memory system
design include minimizing the num-
ber and severity of bends in the
lines, minimizing line discontinu-
ities by reducing neck-down, using
exact trace length matching to
minimize timing skew due to routing,
matching the number of vias on each
line, and using ground shielding for
signal trace separation. These same
techniques can be applied to RIMM
modules or other high-speed designs.

Managing the number and type
of signal line bends

In the ideal Direct RDRAM board
design, all the lines on the board

are the same length without any

bends, matching both the physical

length and the electrical delay of

the lines. To achieve this goal, or to

come as close as possible, you need

to manage the number and types of

bends carefully. This includes the

following:

¢ reducing the total number of
bends;

* using angles of 45° or less; and

* minimizing the number of small
or closely spaced bends.

Reducing the total number of
bends:

All too commonly, in order to meet
physical length-matching require-
ments, PCB routing resembles a
plate of spaghetti. Even though the
physical length of the lines may be
matched with the addition of bends
in the lines, it is very difficult to
match the electrical delay exactly,
because each bend introduces .3 to
.5 ps of electrical delay. Since
matching the electrical delay of the
lines is as important as matching the
physical length of the lines in Direct
RDRAM design, you will always
want the fewest bends possible. Fig-
ure 1 illustrates typical “spaghetti”
routing, and Figure 2 depicts the
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Flgure 1—Typical ”spaghettl” routing
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desired smooth routing. Note that the
placement of the components has
remained the same in the two figures.
Only the routing was modified to
minimize the number of bends.

Because of the wide traces asso-
ciated with low impedance boards
such as Direct RDRAM mother-
boards (typically 14 to 19 mils
wide), it is especially important to
minimize bends. Electrical current
tries to cut the corner around each
bend instead of flowing uniformly
across a trace. This tendency is illus-
trated by Line A in Figure 3. In this
diagram, the electrical delay (indi-
cated by the large dotted line) is
somewhat longer than the measured
length given by the CAD tool (indi-
cated by the smaller dotted line).

However, Line A is a better sce-
nario than Line B, where the bends
are so close together that the cur-
rent shoots straight through. In this
case, the difference between the
measured physical length and the
electrical delay is even greater than
in Line A.

Using angles of 45° or less
Where a bend is unavoidable, use
nothing larger than 45°. If you stick
to 45° or less, the difference

Besenssense

Figure 2—An example of smooth “river routing”
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= w n mm » Electrical delay

«=nsunesn: Measured links given by CAD tool

Although the current cuts the corners on the left- and right-hand bends,
the straight stretch separating the bends evens out the difference
between the electrical delay and the measured physical links.

This is the ideal bend scenario.

In this case, the bends are so close together that the current shoots
straight through, and the difference between the electrical delay
and the measured physical links is significant.

Avoid closely spaced bends like this.

Because this line has four right-hand bends right after each other,
the current hugs the corner all the way around and there is an even greater

) difference between the electrical delay and the measured physical links.

. Avoid this scenario if at all possible.

minimize this effect,
keep the neck-down
as short as possible,
as shown in Figure
4. (Standard practice
is to neck-down a
trace until it is has
escaped the compo-
nent area.)

You may be
tempted to neck-
down the trace
when routing
through the RIMM
connector pin field.

By choosing a bend
angle other than

Figure 3—Examp/e of current cutting the corner on bends

between the electrical delay and the
physical length of the line will be
minimized. (Although your CAD
tool may indicate a physical length
change, this is negligible.) If you
need to make a large bend, such as
90°, “round” the corner by using
two 45° bends with a straight sec-
tion in between.

Minimizing the number of small
or closely spaced bends

Where possible, avoid using tiny
bends that are spaced closely
together. For example, Line C in Fig-
ure 3 has four right-hand bends

pays off with a robust system design
that more efficiently uses the
board's real estate and improves
electrical performance.

Minimizing discontinuities in the
line by reducing neck-down
Every time you neck-down a trace,
you introduce a discontinuity in the
line that degrades the electrical per-
formance of the board. While you
cannot avoid neck-downs entirely,
you can minimize their effect with a
bit of extra effort.

When squeezing a wide trace
between two vias,

45°(the standard
angle), you can reduce the number
of necessary neck-downs as shown
in Figure 5. As mentioned previously,
angles of 45° do not significantly
affect the electrical performance of
the line. Another possible benefit of
using angles 45° or smaller is the
shortening of the trace length while
minimizing the number of bends.
Angles other than 45° are not hard
to do; you simply need to slightly
adjust your CAD tool settings.

Using exact trace length-matching
To further reduce signal-to-signal

such as in the
component escape
area or between
two connector
pins, you may

~ need to reduce the
trace width. This
changes the
impedance of the
trace, introducing
a discontinuity. To

immediately after one another. In
this case, the difference between
the electrical delay of the line and
the measured length is quite large.
- Of course, designing a board
with fewer bends in the lines takes
longer, and one bend by itself will
not break the bus timing. However,
the effect of bends is cumulative,
and two or three hours of effort
spent reducing the number of bends

“Fat" 28-0hm trace is too

wide to route between

RIMM connector pins on

a45°angle.. ethod: Use non-

45° angle trace
segment to maximize
trace width (minimize
trace discontinuity),

Old Method: .
Reduce segment
trace width,

‘ New Method may also

be used to decrease
trace length and
reduce the number
of bends.

Figure 5—Using non-45° angles to minimize

Flgure ll—Example of reducing neck-down line discontinuities
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Using routing techniques

continued
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Figure ﬁ—Routing outside lines before length-matching

to longest line

skew, you must be vigilant in trace
length- matchlng for same-layer and
layer-to-layer wiring, including the
vertical path through the vias. This
means you also must exactly match
the pad capacitance at the con-
troller by adding vias at every
RDRAM signal.

When length-matching the
Direct Rambus channel, utilizing
the following procedure will opti-
mize your layout design. Start by
connecting the two outside traces
on each routing layer, as shown in
Figure 6. Then look for the longest
trace, and stretch the other traces to
match, as shown in Figure 7.

This example defines the routing
area. Route all the remaining traces
within this area. Figure 8 shows the
final result of using this length-match-
ing technique on one routing layer.
Note the uniformity of the line spac-
ing and the smoothly turning signals
that result from using this procedure.

If you break down the routing
task section by section, length-
matching is not that difficult. To meet

specs, your length matching must be
within +10mils. With some additional
effort, designs have been completed
that match traces within 0.4 mils.

Via matching

Another way to maximize the per-
formance of the board by minimiz-
ing layer-to-layer skew is to match
the number and type of vias on
every line to account for via delay
differences. This requires the inser-
tion of vias on all lines, regardless
of top or bottom layer escape, to
equalize the loading and delay dif-
ferences. This has been verified
through extensive lab measurements
showing that first-order compensa-
tion of top and bottom PCB delay
differences is achieved through via
placement. Ideally, you should have
the same number of vias on each
line and make sure each via crosses
the same number of PCB layers.

As previously mentioned, every
line does not require a via. To
obtain the best electrical perfor-
mance, a “dummy” via is placed on

Figure T—Lines expanded to match longest

routed length

the trace, whether or not a trace
requires a via for routing purposes,
as shown in Figure 9. (A dummy via
stays on the same layer, unlike a
real via, which takes a signal from
one layer to another.)

Even though the dummy via
does not have exactly the same
electrical delay as a real via, a
dummy via is better than no via on
the trace at all. If possible, you
should have the same number of
dummy and real vias on each line.

Using ground shielding for signal
trace separation

Crosstalk is a common source of
skew. One method of reducing
crosstalk is to widely space the sig-
nal lines. However, to significantly
reduce the crosstalk, you need
spacings of 40 to 50 mils, which
waste a lot of routing real estate. A
better technique involves using
ground shielding to isolate lines, as
shown in Figure 10. This saves a
great deal of room on the board,
typically 20 mils per line. Where
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. ' Adding a dummy via to
trace A. Helps minimize the
gropagatton delay difference
‘ gtween Trace A and Trace B.

Trace A: No via
fransition needed.

Trace B: Via transition needed.
Via transition adds
propagation delay.

Figure B—Length—matched RDRAM routing

Figure g—ExampIe of adding a “dummy” via to a trace
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Condlusion

All the techniques
described in this
article use today’s
PCB technology.
They do not
require any spe-
cial tools or new
manufacturing
methods. Careful
attention to

Figure 10—routed RDRAM channel with detail is all that

ground flood shape

there are no signal lines, you should
flood that area with ground and
then connect the ground flood
shape to the ground plane with vias.
This helps further reduce crosstalk
and keeps the ground planes tied
down better. Also, using the ground
flood shape lets you use a slightly
narrower line by lowering the trace
impedance.

is required to

eliminate all sys-
tematic sources of design skew. As
in life itself, the “devil” is in the
details. |
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engineering manag-
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Intel's Platform Tech-
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Resources

For more information on designing mother-
boards and RIMM modules for Direct RDRAM
visit the following Intel and RAMBUS Web sites:

hitp.//developer.intel.com/design/chipsets,
memory/rdram.him

Mp: i rimm.com

Murrietta Circuits

» Call for a quote!! "

(714) 970-2430 Phone
(714) 970-2406 Fax
(714) 970-5015 Modem

4761 E. Hunter Avenue, Anaheim, California 92807

... all your PCB needs
uner one roof!

ftp://ftp.murrietta.com
http://www.murrietta.com
email: sales@murrietta.com 4

® PADS PowerPCB

® Cooper-Chyan Router

® DFM (Design for Manufacturing)
® Analog & E.C.L., SMT

® Impedance Control

® Matched Line Lengths

® Auto-Routing Services

® Quick - Turns

® Fast Quotes

® Prototype & Production

® PCMCIA and Backplanes

® FR4, Polyimide, Getek, & Rogers

® Blind & Buried Via’s

® UL Approved & Belicore Compliant

® Pick & Place SMT Assembly
® Fine Pitch

® Bail Grid Arrays

® Double-Sided

® Mixed Technology

® Fast Turnarounds

- @ Fast Quotes
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