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[Part 1 began a look at grounding: when to consider it, how chassis
materials affect 1t, and the problem of ground loops. Part 2 discussed
power supply returns and 1/0 signal grounding. ]

Adapted from The Circuit Designer’s Companion, Third Ed., by Peter Wilson
(Newnes).
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1. 1.8 Inter-board interface signals

There is one class of signals we have not yet covered, and that is those
signals which pass within the unit from one board to another. Typically
these are digital control signals or analog levels which have already been
processed, so are not low—level enough to be susceptible to ground noise
and are not highcurrent enough to generate significant quantities of it.
To be thorough in your consideration of ground return paths, these signals
should not be left out: the question is, what to do about them?

1.1.8 lEEOFS

A RETHATEBA LR, A AR B A — BB AR AL L 51 55— B
LB AR R IS A5 o —FORXBE 52 DR B M B - M5 5 BUEE 5, I
BEHPAN SRR, AN 5 SEHIMEFS RS20, R AN 2 O ey T 7 A X 5 A IR 7
N T AME S B, XEE S AR W, XTETE A

Often the answer is nothing. If no ground return is included specifically
for inter—board signals then signal return current must flow around the
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power supply connections and therefore the interface will suffer all the
ground-injected noise V, that is present along these lines (Figure 1.12).
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FIGURE 1. 12 Inter-board ground noise
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But, if your grounding scheme is well thought out, this may well not be
enough to affect the operation of the interface. For instance, 100 mV of
noise injected in series with a CMOS logic interface which has a noise
margin of 1 V will have no direct effect. Or, AC noise injection onto a
DC analog signal which is well-filtered at the interface input will be
tolerable.
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Partitioning the signal return
There will be occasions when taking the long—distance ground return route
is not good enough for your interface. Typically these are:
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e where high—speed digital signals are communicated, and the ground
return path has too much inductance, resulting in ringing on the
signal transitions;

e when interfacing precision analog signals which cannot stand the
injected noise or low-voltage DC differentials.
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If you solve these headaches by taking a local inter—board ground
connection for the signal of interest, you run the risk of providing an
alternative path for power supply return currents, which nullifies the
purpose of the local ground connection. A fraction of the power return
current will flow in the local link (Figure 1.13), the proportion
depending on the relative impedances, and you will be back where you
started.
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FIGURE 1. 13 Power supply return currents through inter—board links
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If you really need the local signal return, but are in trouble with ground
return currents, there are two options to pursue:
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e Separate the ground return (Figure 1.14) for the input side of the
interface from the rest of the ground on that PCB. This has the
effect of moving the ground noise injection point inboard, after
the input buffer, which may be all that you need. A development of
this scheme is to include a “stopper” resistor of a few ohms in the
gap X - X. This prevents DC ground current flow because its impedance
is high relative to that of the correct ground path, but it



effectively ties the input buffer to its parent ground at high
frequencies and prevents it from floating if the inter-board link
is disconnected.
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Use differential connections at the interface. The signal currents
are now balanced and do not require a ground return; any ground noise
is injected in common mode and is cancelled out by the input buffer.
This technique is common where high—speed or low—1level signals have
to be communicated some distance, but it is applicable at the
inter—board level as well. It is of course more expensive than
typical single—ended interfaces since it needs dedicated buffer
drivers and receivers.
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FIGURE 1. 14 Separating the ground returns
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1.1.9 Star—-point grounding

One technique that can be used as a circuit discipline is to choose one
point in the circuit and to take all ground returns to this point. This
is then known as the “star point”. Figure 1.2 shows a limited use of this
technique in connecting together chassis, mains earth, power supply
ground and 0 V returns to one point. It can also be used as a local
sub—ground point on printed circuit layouts.
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When comparatively few connections need to be made this is a useful and
elegant trick, especially as it offers a common reference point for
circuit measurements. It can be used as a reference for power supply
voltage sensing, in conjunction with a similar star point for the output
voltage (see Figure 1.2 again). It becomes progressively messier as more
connections are brought to it, and should not substitute for a thorough
analysis of the anticipated ground current return paths.
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1. 1. 10 Ground connections between units

Much of the theory about grounding techniques tends to break down when
confronted with the prospect of several interconnected units. This is
because the designer often has either no control over the way in which
units are installed, or is forced by safety-related or other installation
practices to cope with a situation which is hostile to good grounding
practice.
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The classic situation is where two mains—powered units are connected by
one (or more) signal cable (Figure 1.15). This is the easiest situation
to explain and visualize; actual set—ups may be complicated by having
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several units to contend with, or different and contradictory ground
regimes, or by extra mechanical bonding arrangements
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FIGURE 1. 15 Inter—unit ground connection via the mains
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This configuration is exactly analogous to that of Figure 1.12. Ground
noise, represented by V,, is coupled through the mains earth conductors
and is unpredictable and uncontrollable. If the two units are plugged in
to the same mains outlet, it may be very small, though never zero, as some
noise is induced simply by the proximity of the live and neutral conductors
in the equipment mains cable.
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But this configuration cannot be prescribed: it will be possible to use
outlets some distance apart, or even on different distribution rings, in
which case the ground connection path could be lengthy and could include
several noise injection sources. Absolute values of injected noise can
vary from less than amillivolt RMS in very quiet locations to the several
volts, or even tens of volts, as mentioned in Section 1.1.6. This noise
effectively appears in series with the signal connection.
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In order to tie the signal grounds in each unit together you would normally
run a ground return line along with the signal in the same cable, but then:
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e noise currents can now flow in the signal ground, so it is essential
that the impedance of the ground return (R.) is much less than the
noise source impedance (R,) — usually but not invariably the case
— otherwise the ground—-injected noise will not be reduced;

e you have created a ground loop (Figure 1.16, and compare this with
Section 1.1.4) which by its nature is likely to be both large and
variable in area, and to intersect various magnetic field sources,
so that induced ground currents become a real hazard.
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FIGURE 1. 16 Ground loop via signal and mains earths
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Breaking the ground 1ink

If the susceptibility of the signal circuit is such that the expected
environmental noise could affect it, then you have a number of possible
design options:
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Float one or other unit (disconnect its mains ground connection),
which breaks the ground loop at the mains lead. This is already done
for you if it is battery—powered and in fact this is one good reason
for using battery—-powered instruments. On safety—class I (earthed)
mains—powered equipment, doing this is not an option because it
violates the safety protection.

i — AR R B AL T EEIRE (WO E R ) , IXAEmt T 1 i
HLG e A B . I AR b i B, SEPs B i ®] 17X
%iiﬁ&%@%%@(%&%m TR, £ Rw e ()
Ry L BB R A RERAEEY, BSOS 1 2 2RI IUE -

Transmit your signal information via a differential link, as
recommended for inter—board signals earlier. Although a ground
return is not necessary for the signal, it is advisable to include
one to guard against too large a voltage differential between the
units. Noise signals are now injected in common—mode relative to
the wanted signal and so will be attenuated by the input circuit’s
common mode rejection, up to the operating limit of the circuit,
which is usually several volts.
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Electrically isolate the interface. This entails breaking the
direct electrical connection altogether and transmitting the
signal by other means, for instance a transformer, opto—coupler or
fiber optic link. This allows the units to communicate in the
presence of several hundred volts or more of noise, depending on
the voltage rating of the isolation; alternatively it is useful for
communicating low—level AC signals in the presence of relatively
moderate amounts of noise that cannot be eliminated by other means.
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1.1.11 Shielding

Some mention must be made here of the techniques of shielding
inter—unit cables, even though this is more properly the subject
of Chapter 8. Shielded cable is used to protect signal wires from
noise pickup, or to prevent power or signal wires from radiating
noise. This apparently simple function is not so simple to apply
in practice. The characteristics of shielded cable are discussed
later (see Section 1.2.4); here we shall look at how to apply it.
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At which end of a cable do you connect the shield, and to what? There
is no one correct answer, because it depends on the application.
If the cable is used to connect two units which are both contained
within screened enclosures to keep out or keep in RF energy, then
the cable shield has to be regarded as an extension of the enclosures



and it must be connected to the screening at both ends via a
low—inductance connection, preferably the connector screen itself
(Figure 1.17)
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e FIGURE 1.17 RF Cable shield connections
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This is a classic application of EMC principles and is discussed
more fully in Sections 8.5 and 8.7. Note that if both of the unit
enclosures are themselves separately grounded then you have formed
a ground loop (again). Because ground loops are a magnetic coupling
hazard, and because magnetic coupling diminishes in importance at
higher frequencies, this is often not a problem when the purpose
of the screen is to reduce HF noise. The difficulty arises if you
are screening both against high and low frequencies, because at low
frequencies you should ground the shield at one end only, and in
these cases you may have to take the expensive option of using
double—shielded cable.
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The shield should not be used to carry signal return currents unless
it is at RF and you are using coaxial cable. Noise currents induced
in it will add to the signal, nullifying the effect of the shield.
Typically, you will use a shielded pair to carry high—impedance
low—level input signals which would be susceptible to capacitive
pickup. (A cable shield will not be effective against magnetic

pickup, for which the best solution is twisted pair.)
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Which end to ground for LF shielding

If the input source is floating, then the shield can be grounded
at the amplifier input. A source with a floating screen around it
can have this screen connected to the cable shield. But, if the
source screen is itself grounded, youwill create a ground loop with
the cable shield, which is undesirable: ground loop current induced
in the shield will couple into the signal conductors. One or other
of the cable shield ends should be left floating, depending on the
relative amount of unavoidable capacitive coupling to ground (C.)
that exists at either end. If you have the choice, usually it is
the source end (which may be a transducer or sensor) that has the
lower coupling capacitance so this end should be floated.
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If the source is single—ended and grounded, then the cable shield
should be grounded at the source and either left floating at the
(differential) input end or connected through a choke or low-value
resistor to the amplifier ground. This will preserve DC and
low—frequency continuity while blocking the flow of large induced
high—frequency currents along the shield. The shield should not be
grounded at the opposite end to the signal. Figure 1. 18 shows the
options.

AR SRS FE LI B I, R4 HL 5 i J2 N2 AE o e, (Z293) Sl A\
BT, Eald Yol bl s i P SR BIOR AR A3t o IR ] AORSF
ELAMIRAE 5 BB, (R BEL b v B i J2 JE N 1) (R v FL Ut PR
2o BEMZANAEE TR i, B 1,18 BoR 1 IX AR A 75 K.

e [ ] A n i ‘\/
| -

"
T |

C i
B

No connection, or low value resistor/choke -

e FIGURE 1. 18 Cable shield connection options
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Electrostatic screening

When you are using shielded cable to prevent electrostatic
radiation from output or inter—unit lines, ground—-loop induction
is usually not a problem because the signals are not susceptible,
and the cable shield is best connected to ground at both ends. The
important point is that each conductor has a distributed (and
measurable) capacitance to the shield, so that currents on the



shield will flow as long as there are AC signals propagating within
it. See Figure 1.19.
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These shield currents must be provided with a low—impedance ground
return path so that the shield voltages do not become substantial.
The same applies in reverse when you consider coupling of noise
induced on the shield into the conductors.
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Surface transfer Iimpedance

At high frequencies, the notion of surface transfer impedance
becomes useful as a measure of shielding effectiveness. This is the
ratio of voltage developed between the inner and outer conductors
of shielded cable due to interference current flowing in the shield,
expressed in milliohms per unit length. It should not be confused
with characteristic impedance, with which it has no connection.
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A typical single braid screen will be 10 milliohms/m or so below
1 MHz, rising at a rate of 20 dB/decade with increasing frequency.
The common aluminum/Mylar foil screens are around 20 dB worse.
Unhappily, surface transfer impedance is rarely specified by cable
manufacturers.
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