
http://www.icd.com.au/simulation.htm


50฀฀฀฀4HE฀0#"฀$ESIGN฀-AGAZINE฀s฀-ARCH฀����

In previous columns, I have discussed 
matched length routing and how matched 
length does not necessarily mean matched de-
lay. But, all design rules, specified by chip man-
ufacturers regarding high-speed routing, specify 
matched length—not matched delay. In this 

month’s column we’ll take a look at the actual 
differences between the two.

Typically, more than one layer change is re-
quired when routing traces to matched length. 
Figure 1 illustrates the DDR2 address bus rout-
ing I did in Altium Designer, my preferred lay-
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out tool. In this case, each address signal has 
four layer changes.  The red and green traces are  
the top and bottom layers—which should be 
kept as short as possible—and the yellow and  
orange traces are inner layers embedded be-
tween the planes. This was a particularly dif-
ficult route as there were two DDR2 memory 
chips placed on both the top and bottom sides 
of the board, so each address signal had to go to 
four different chips and still maintain the cor-
rect delay. 

The longest routes should be placed on the 
inner layers as this reduces electromagnetic ra-

diation. With all other factors being equal, gen-
erally, a trace routed on the inner stripline layer 
exhibits 4–10 dB less noise than a trace routed 
on the outer microstrip  layer. Also, please note 
that there are more high harmonics on the top 
layer routing. The high-frequency components 
radiate more readily because their shorter wave-
lengths are comparable to trace lengths, which 
act as antennas. Consequently, although the 
amplitude of the harmonic frequency compo-
nents decreases as the frequency increases, the 
radiated frequency varies depending on the 
trace’s characteristics. 

beyond design
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Microstrip layers are those that are fabri-
cated on the outside of the substrate, top and 
bottom. Traces on these layers are referenced to 
the plane below/above, whether it be a ground 
or power plane. The trace has a dielectric mate-
rial on either side: FR-4 below and air above. If 
you look closely at Figure 2, you can see where 
the field lines refract as they pass from the FR-4 
(green) to the air dielectric. This is because the 
dielectric constant of FR-4 for example (~4.3) 
changes to air (1.0). The electric field is absorbed 
by the plane on one side and both the electric 
and magnetic fields also radiate into the air.

Stripline traces however, are totally embed-
ded in dielectric material between planes. This 
may be a combination of materials—and dielec-
tric constants—if for example multiple prepregs 
are stacked to obtain the desired thickness. The 
electric field is completely contained within the 
dielectric and blocked by the planes. The mag-
netic field still tends to radiate, from the board 
edges, but is limited somewhat.  

Since the electromagnetic fields of microstrip 
layers partly reside within the surrounding air, 
the speed of propagation of a signal traveling 
on the microstrip trace is therefore partly de-
termined by the dielectric properties of the PCB 
material and partly by the surrounding air. Mi-
crostrip traces are usually faster than stripline 
traces because the dielectric constant of air is 
lower than that of FR-4. 

There are two exceptions to this:

1. If you use a microstrip prepreg with a 
high dielectric constant (Isola 370HR, 3.92) and 
in the stripline configuration a low dielectric 

constant (fastRise FR-27 & TSM-26, ~2.7) as in 
Figure 3. The combination of air (1.0) and Isola 
370HR (3.92) brings the total dielectric constant 
to approximately that of the Taconic fastRise 
materials, thus the traces exhibit a similar delay.

2. If you add a liquid photo-imageable sol-
der mask, with a dielectric constant of say 3.3, 
to the outer layers, then the microstrip delay 
changes again. So it is best to compare the de-
lays using a simulator otherwise you are just 
guessing.

Contrary to what you may believe, the prop-
agation delay of a serpentine trace is less than 
the delay through an equivalent length straight 
trace. The signal is sped up because a portion of 
the signal will propagate perpendicular to the 
serpentine. And, this also varies with the type 
of serpentine pattern used. For example, the ser-
pentine pattern may have long parallel lengths 
spaced close together in the “U” bend coupling 
the signal many times through the serpentine 
pattern. This self-coupling (forward and reverse 
crosstalk) shortens the electrical path. But in 
theory, the forward crosstalk—far-end cross-
talk—does not exist in the stripline configura-
tion. Please see my previous column, Beyond 
Design: A New Slant on Matched-Length Rout-
ing, for further details.

Also, if two traces of equal length are ref-
erenced to different planes, then the return 
paths may be considerably different and add 
round-trip delay. This cannot be simulated, so 
it is important that the return paths are deter-
mined to be as short as possible. If planes are 
changed, then stitching vias or capacitors need 
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to be employed close to the layer transitions. 
Decoupling capacitors are normally place near 
the processor and memory devices which help 
alleviate this issue.

To prove my point that two matched length 
traces both of 2,900 mil do not have equal de-
lay, I have simulated two address signals and 
the results are shown in Figure 4. The delay 
difference here is 60ps—but still within spec. 
This is not much admittedly, but they are not 
matched, as the matched length would suggest. 
So, although these two signals are exactly the 
same length, because of the different combina-
tion of microstrip and stripline layers plus the 
fact that the signal propagates faster through 
serpentine routes, the delays are different.

The slight deviation in the signal wave-
forms, in Figure 4, is due to the impedance 
mismatch as the traces separate into two T-sec-
tions. Matching the impedance of bifurcated 
traces is practically impossible with tight rout-
ing constraints. However, this is not an issue 
in this case, since the waveform is stable and 
the variance does not appear near the trigger 
point (Vinh).

Points to Remember
s฀-ATCHED฀LENGTH฀DOES฀NOT฀NECESSARILY฀MEAN฀

matched delay.
s฀4HE฀LONGEST฀ROUTES฀SHOULD฀BE฀PLACED฀ON฀THE฀

inner layers, as this reduces electromagnetic ra-
diation. 

beyond design

&IGURE฀��฀#OMPARISON฀OF฀TWO฀MATCHED฀LENGTH฀������฀MIL	฀TRACES�

Matched Length  Matched Delay continues



56฀฀฀฀4HE฀0#"฀$ESIGN฀-AGAZINE฀s฀-ARCH฀����

beyond design

s฀!฀TRACE฀ROUTED฀ON฀THE฀INNER฀STRIPLINE฀LAYER฀
exhibits 4–10 dB less noise then a trace routed 
on the outer, microstrip layer. 

s฀-ICROSTRIP฀ LAYERS฀ARE฀ THOSE฀THAT฀ARE฀ FABRI-
cated on the outside of the substrate, top and 
bottom. The trace has a dielectric material on 
either side—FR-4 below and air above. 

s฀ -ICROSTRIP฀ TRACES฀ ARE฀ USUALLY฀ FASTER฀ THAN฀
stripline traces. 

s฀3TRIPLINE฀TRACES฀ARE฀TOTALLY฀EMBEDDED฀IN฀DI-
electric material between planes. 

s฀ 4HE฀ PROPAGATION฀ DELAY฀ OF฀ A฀ SERPENTINE฀
trace is less than the delay through an equiva-
lent length straight trace. The signal is sped up 
because a portion of the signal will propagate 
perpendicular to the serpentine.

s฀)F฀TWO฀TRACES฀OF฀EQUAL฀LENGTH฀ARE฀REFERENCE฀
to different planes then the return paths may be 
considerable different and add round-trip delay.

s฀ !LTHOUGH฀ TWO฀ SIGNALS฀ ARE฀ EXACTLY฀ THE฀
same length, they may exhibit different delays.  
PCBDESIGN
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