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A high-speed digital power distribution net-
work (PDN) must provide a low inductance, low 
impedance path between all ICs on the PCB 
that need to communicate. In order to reduce 
the inductance, we must also minimize the 
loop area enclosed by the current flow. Obvi-
ously, the most practical way to achieve this is 
to use power and ground planes in a multilayer 
stackup. In this two-part column, I will look at 
the alternatives to planes, why planes are used 
for high-speed design and the best combination 
for your application.

Back in the mid-eighties, when I worked at 
the University of Western Australia, one of my 
duties was to fix the departmental mainframe: 
the dreaded DEC PDP-11/40. When it broke 
down, it was a two-week sentence to solitary 

confinement in the frigid computer room. This 
monster machine had card after card with rows 
of TTL logic chips. Figure 1 illustrates a typical 
Unibus board. It had 8K, 16-bit word core mem-
ory, which I believe could be expanded to 80K 
if the need ever arose. The core had a 400ns ac-
cess time, which means the system clock would 
have been a blazing 2.5MHz.

I always used the “divide and conquer” meth-
odology. First, eliminate the power supplies then 
start dividing the system in half, then half again 
until the fault was localized within a small cir-
cuit. But, as it took about half an hour to reboot, 
with a specific sequence of octal latches, it was 
a very time consuming process. Plus, there were 
always numerous engineering students banging 
on the window, to the terminal room, enquiring 
when the “mother” might be fixed so they could 
complete their assignments.

The boards were double-sided and used a 
power finger, type A or B layout configuration 
on the top side of the board, as shown in Figure 
2. The bottom side could then be used entirely 
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for routing. This provided some mutual induc-
tive coupling between the wide power and 
ground traces and saved on board area. How-
ever, it meant that the return current had to 
flow all the way around the board perimeter, 
creating a large loop area. Fortunately, the PDP-
11/40 was manufactured way before the era of 
FCC-mandated radiation guidelines. Needless 
to say, this is not a good supply configuration 
for high-speed design. Don’t try this at home!

The power and ground grid configuration 
of Figure 3 also saves on board area, but at the 
expense of increased mutual inductance. In this 
case, the ground (GND) traces are horizontal 
on the bottom of the board, while the power 
(VCC) traces are vertical on the top side. Con-
necting the two supplies, at every intersection, 
with a decoupling capacitor forms a cross-hatch 
pattern. Current returns equally well, to its 
source, along either the ground or power traces. 
The down-side here is that the capacitors used 
should be of particularly good quality (low ESL) 

as the return current must traverse several ca-
pacitors to return to the source. If you are limit-
ed to a double sided board, then this is the best 
approach for providing power to the network of 
chips. But, solid copper planes, in a multilayer 
configuration, are of course a much, much bet-
ter solution for high-speed design.

Although it is true that a plane has signifi-
cantly less inductance than a trace, plane in-
ductance is not negligible. The mechanism by 
which a plane reduces the inductance is by al-
lowing the current to spread out, effectively 
creating numerous parallel paths. But at high 
speeds, return currents flow the path of least in-
ductance which tends to direct the current di-
rectly below the signal trace.

Also, due to skin effect, high-frequency cur-
rents cannot penetrate a plane, and therefore, all 
currents in conductors are surface currents. This 
effect will begin to occur at frequencies above 30 
MHz for 1 oz. copper layers in a PCB. Therefore, 
at high frequencies, a plane in a PCB is really 
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two conductors—not one conductor. There will 
be a current on the top surface of the plane, and 
there can be a different current or no current at 
all on the bottom surface of the plane. 

Figure 4 illustrates the cross-section on a 
microstrip (outer layer) trace and its associated 
plane return current distribution (red). Where 
the electric fields (blue) are more tightly coupled 
to the plane—directly below the trace—the re-
turn current also exhibits tighter coupling. But 
where the field spreads out from the trace, the 
larger loop area, between the signal and the re-
turn current path, increases the inductance. Re-
turn current tends to couple to the signal con-
ductor and on the same side, of the plane nearest 
the signal, falling off in intensity, with the square 
of increased distance. A stripline (inner layer) re-
turn current distribution is narrower with the 
fields more intense above and below the trace.

Any voltage drop across a ground plane will 
excite cables terminating on the board, which 
causes them to radiate as dipole or monopole 
antennae. The amount of current needed to 
cause the radiation to exceed the FCC Class B 
emission requirements, in a one meter long an-
tenna, is extremely small—in the vicinity of just 
a few µA. Therefore, even the smallest ground 
noise voltage is significant, since it only takes a 
few mV of potential to produce currents of this 
magnitude. Power and ground planes reduce 
the loop area and hence the inductance and the 
impedance, which in turn reduces the noise.

Although single-sided and double-sided 
boards have been used successfully in unshield-
ed enclosures at frequencies of 20–25MHz, these 
cases are the exception rather than the rule. A 
design of this type, also requires a high level 
of EMC expertise and thus is time consuming 
and risky to produce. Above 10MHz, multilayer 
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PCBs with at least two plane layers should be 
seriously considered.

Multilayer boards reduce radiated emissions 
by more than 10 db compared to a double-sided 
board—all other factors being equal. Embed-
ding signals between the planes also reduces 
susceptibility to radiation, as well as providing 
ESD protection. So not only do we prevent noise 
from being radiated, but we also reduce the pos-
sibility of being affected by an external source.

The planes in a high-speed, digital board 
perform five crucial functions:

1. Allow the routing of controlled 
    impedance transmission lines in both 
    microstrip and stripline configurations.
2. Provide a reference voltage for the 
    exchange of digital signals.
3. Distribute stable power to all logic 
    devices.
4. Control crosstalk between switching 
    signals.
5. Provide a shield for electromagnetic 
    radiation on internal layers.

Next month, I will look at why solid power 
and ground planes encompass a distributed sys-
tem of surprising complexity and how we can 
best use planar capacitance to reduce AC im-
pedance of the PDN.

Points to Remember:
s฀)NDUCTANCE฀MAY฀BE฀REDUCED฀BY฀MINIMIZ-

ing the loop area enclosed by the current 
flow.

s฀$OUBLE
SIDED฀BOARDS�฀USING฀A฀POWER฀lNGER฀
layout configuration, should be avoided 
as they create a large loop area for the  
return current.
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s฀4HE฀POWER฀AND฀GROUND฀GRID฀CONlGURATION฀
is the best approach for providing power 
delivery on double sided boards.

s฀3OLID฀COPPER฀PLANES฀ARE฀A฀MUCH฀BETTER฀ 
solution for high-speed design.

s฀!T฀HIGH฀SPEEDS�฀RETURN฀CURRENTS฀mOW฀THE฀
path of least inductance which tends to 
direct the current directly below the  
signal trace.

s฀!T฀HIGH฀FREQUENCIES�฀A฀PLANE฀IN฀A฀0#"฀IS฀
really two conductors, not one conductor, 
due to the skin effect.

s฀!NY฀VOLTAGE฀DROP฀ACROSS฀A฀GROUND฀PLANE฀
will excite cables terminating on the 
board, which causes them to radiate as  
dipole or monopole antennae. 

s฀!BOVE฀��-(Z�฀MULTILAYER฀0#"S฀WITH฀AT฀
least two plane layers should be seriously 
considered.

s฀-ULTILAYER฀BOARDS฀REDUCE฀RADIATED฀EMIS-
sion by more than 10 db compared to a 
double-sided board.  PCBDESIGN
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2ESEARCHERS฀ AT฀ THE฀ 5NIVERSITY฀ OF฀ 4WENTE฀ RE-

SEARCH฀ INSTITUTE฀ -%3!�฀ HAVE฀ DEVISED฀ AN฀ ELEGANT฀
METHOD฀ FOR฀lTTING฀VARIOUS฀ FUNCTIONAL฀COATINGS฀ TO฀
SILICON฀ MICROWIRES�฀ 4HE฀ RESEARCH฀ HAS฀ BEEN฀ PUB-

LISHED฀ TODAY฀ IN฀ THE฀ PRESTIGIOUS฀ SCIENTIlC฀ JOURNAL฀
!DVANCED฀-ATERIALS�

-ICROWIRES฀ MADE฀ OF฀ THE฀ SEMI
CONDUCTOR฀ SILI-
CON฀ ARE฀ USED฀ IN฀ NUMEROUS฀ lELDS�฀ )T฀ IS฀ GENERALLY฀
NECESSARY฀TO฀@FUNCTIONALIZE�฀THEM�฀BY฀ADDING฀A฀LAY-

ER฀OF฀METAL฀OR฀A฀LAYER฀OF฀A฀CATA-

LYST�฀ )N฀ MOST฀ CASES�฀ THE฀ WIRES฀
ARE฀GIVEN฀A฀SINGLE฀LAYER�฀BUT฀IN฀
SPECIlC฀ INSTANCES฀ IT฀ IS฀ USEFUL฀
TO฀PUT฀A฀DIFFERENT฀MATERIAL฀ON฀
THE฀BOTTOM฀AND฀ON฀THE฀TOP฀OF฀
THE฀ WIRES�฀ (OWEVER�฀ CREATING฀
THESE฀ WIRES฀ PROVED฀ VERY฀ DIF-

lCULT฀ AND฀ THE฀ PROCESS฀ OF฀ MAKING฀ THEM฀ INVOLVED฀
MANY฀ STEPS�฀ 2ESEARCHERS฀ FROM฀ THE฀ 5NIVERSITY฀ OF฀
4WENTE฀HAVE฀NOW฀DEVELOPED฀A฀NEW฀METHOD฀THAT฀
MAKES฀CREATING฀WIRES฀OF฀THIS฀KIND฀EASY�฀!CCORDING฀
TO฀5NIVERSITY฀OF฀4WENTE฀0ROFESSOR฀*URRIAAN฀(USKENS�฀
THIS฀HAS฀PROVIDED฀CHEMISTS฀WITH฀A฀VERSATILE฀METHOD฀
FOR฀CREATING฀NEW฀MATERIALS�

)N฀THEIR฀EXPERIMENTS�฀THE฀5NIVERSITY฀OF฀4WENTE฀
RESEARCHERS฀lRST฀MADE฀MICROWIRES฀WITH฀A฀0.฀JUNC-

TION฀HALFWAY฀ALONG฀THE฀WIRES�฀ )N฀THE฀EXPERIMENT�฀
THE฀WIRES฀WERE฀SUBMERGED฀INTO฀A฀SOLUTION฀CONTAIN-

ING฀PLATINUM฀ IN฀ THE฀DARK�฀CAUSING฀THE฀ @0฀SIDE�฀OF฀
THE฀WIRE฀ TO฀BE฀ COVERED฀ IN฀PLATINUM�฀ )N฀ THE฀NEXT฀
STAGE�฀ SILVER฀ WAS฀ ADDED฀ TO฀ THE฀ OTHER฀ SIDE฀ IN฀ THE฀

LIGHT�฀ 4HE฀ RESULT฀ WAS฀ A฀ MI-
CROWIRE฀WITH฀SILVER฀ON฀THE฀TOP฀
AND฀PLATINUM฀ON฀THE฀BOTTOM�฀
4HE฀ WIRES฀ CAN฀ BE฀ VERY฀ VALU-

ABLE฀FOR฀THE฀PURPOSE฀OF฀GEN-

ERATING฀ENERGY฀FROM฀SUNLIGHT฀
OR฀ PURIFYING฀ WATER฀ WITH฀ THE฀
HELP฀OF฀SUNLIGHT�฀

University of Twente Develops 
Versatile Method for Developing 
New Materials


