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[Part 1 began a look at grounding: when to consider it, how chassis
materials affect it, and the problem of ground loops. ]
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1. 1. 5 Power supply returns

You will note from Figure 1.2 that the output power supply 0 V connection
(0 V(B)) has been shown separately from 0 V(A), and linked only at the
power supply itself. What happens if, say for reasons of economy in wiring,
you don’ t follow this practice but instead link the 0 V rails together
at PCB3 and PCB2, as shown in Figure 1. 6.
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FIGURE 1.6 Common power supply return
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The supply return currents I, from both PSUB/PCB3 and PSUA/PCB2 now share
the same length of wire (or track, in a single-PCB system). This wire has
a certain non—zero impedance, say for DC purposes it is Rs. In the original
circuit this was only carrying lwe and so the voltage developed across
it was:
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Vs = R X Iov(z)

but, in the economy circuit,
HAEZ TR RS,
Vs = Rg X (Iov<2> + Iov(s))

This voltage is in series with the supply voltages to both boards and hence
effectively subtracts from them. Putting some typical numbers into the
equations,
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Iwe = 1.2 Awith a VB+ of 24 V because it is a high—-power output board;



Towe = 50 mA with a VA+ of 3.3 V because it is a microprocessor board
with some CMOS logic on it:
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Now assume that, for various reasons, the power supply is some distance
remote from the boards and you have without thinking connected it with
2 m of 7/0.2 mm equipment wire, which will have a room temperature
resistance of about 0.2 Q. The voltage Vs will be
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which will drop the supply voltage at PCB2 to 3.05 V, less than the lower
limit of operation for 3.3 V logic, before allowing for supply voltage
tolerances and other voltage drops. One wrong wiring connection can make
your circuit operation borderline! Of course, the 0.25 V is also
subtracted from the 24 V supply, but a reduction of about 1% on this supply
is unlikely to affect operation.
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Varying loads

If the 1.2 A load on PCB3 is varying - say several high—current relays
may be switched at different times, ranging from all off to all on - then
the Vs drop at PCB2 would also vary. This is very often worse than a static
voltage drop because it introduces noise on the 0 V line. The effects of
this include unreliable processor operation, variable set threshold
voltage levels and odd feedback effects such as chattering relays or, in
audio circuits, low—frequency “motor-boating” oscillation.
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For comparison, look at the same figures but applied to Figure 1.2, with
separate 0 V return wires. Now there are two voltage drops to consider:
Vsw for the 3.3-V supply and Vsg for the 24-V supply. Vsg is 1.2 A times
0.2 Q, substantially the same (0.24 V) as before, but it is only
subtracted from the 24-V supply. Vsw is now 50 mA times 0.2 Q or 10 mV,
which is the only 0 V drop on the 3.3-V supply to PCB2 and is negligible.
The rule is: always separate power supply returns so that load currents
for each supply flow in separate conductors (Figure 1.7).
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FIGURE 1.7 Ways to connect power supply returns
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Note that this rule is easiest to apply if different power supplies have
different 0 V connections (as in Figure 1.2) but should also be applied
if a common 0 V is used, as shown above. The extra investment in wiring
is just about always worth it for peace of mind!
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Power rail feed

The rule also applies to the power rail feed as well as to its return,
and in fact to any connection where current is being shared between several
circuits. Say the high—power load on PCB3 was also being fed from the +5
V supply VA+, then the preferred method of connection is two separate feeds
(Figure 1.8).
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FIGURE 1.8 Separate power supply rail feeds
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The reasons are the same as for the 0 Vreturn: with a single feed wire,
a common voltage drop appears in series with the supply voltage, injected
this time in the supply rail rather than the 0 V rail. Fault symptoms are
similar.
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Of course, the example above is somewhat artificial in that you would
normally use a rather more suitable size of wire for the current expected.



High currents flowing through long wires demand a low—resistance and hence
a thick conductor is required. If you are expecting a significant voltage
drop then you will take the trouble to calculate it for a given wire
diameter, length and current. See Table 1.3 on page 24 for a guide to the
current—carrying abilities of common wires. The point of the previous
examples is that voltage drops have a habit of cropping up when you are
not expecting them.
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Conductor impedance
Note that the previous examples, and those on the next few pages, tacitly
assume for simplicity that the wire impedance is resistive only. In fact,
real wire has inductance as well as resistance and this comes into effect
as soon as the wire is carrying AC, increasing in significance as the
frequency is raised.
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A one—meter length of 16/0. 2 equipment wire has a resistance of 38mQ and
a self-inductance of 1.5 HH. At 4 A DC the voltage drop across it will
be 152mV. An AC current with a rate of change of 4 A/Ms will generate 6
V across it. Note the difference! The later discussion of wire types
includes a closer look at inductance.
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1.1.6 Input signal ground

Figure 1.2 shows the input signal connections being taken directly to PCB1
and not grounded outside of the PCB. To expand on this, the preferred
scheme for two—wire single—ended input connections is to take the ground
return directly to the reference point of the input amplifier, as shown
in Figure 1.9(a).
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FIGURE 1.9 Input signal grounding
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The reference point on a single—ended input is not always easy to find:
look for the point from which the input voltage must be developed in order
for the amplifier gain to act on it alone. In this way, no extra signals
are introduced in series with the wanted signal by means of a common

impedance. In each of the examples in Figure 1.9 of bad input wiring,
getting progressively worse from (b) to (d), the impedance X - X acts as
a source of unwanted input signal due to the other currents flowing in
it as well as the input current.
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Connection to 0 V elsewhere on the PCB

Insufficient control over pc layout is the most usual cause of arrangement
(b), especially if auto—routing layout software is used. Most CAD layout
software assumes that the 0 V rail is a single node and feels itself free
to make connections to it at any point along the track. To overcome this,
either specify the input return point as a separate node and connect it
later, or edit the final layout as required. Manual layout is capable of
exactly the same mistake, although in this case it is due to lack of

communication between designer and layout draughtsman.
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Connection to 0 V within the unit

Arrangement (c) is quite often encountered if one pole of the input
connector naturally makes contact with the metal case, such as happens
with the standard BNC coaxial connector, or if for reasons of connector
economy a common ground conductor is shared between multiple input, output
or control signals that are distributed among different boards. With
sensitive input signals, the latter is false economy; and if you have to
use a BNC—type connector, you can get versions with insulating washers,
or mount it on an insulating sub—panel in a hole in the metal enclosure.
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Incidentally, taking a coax lead internally from an uninsulated BNC socket
to the PCB, with the coax outer connected both to the BNC shell and the
PCB 0V, will introduce a ground loop (see Section 1.1.4) unless it is the
only path for ground currents to take. But at radio frequencies, this
effect is countered by the ability of coax cable to concentrate the signal
and return currents within the cable, so that the ground loop is only a
problem at low frequencies.
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External ground connection

Despite being the most horrific input grounding scheme imaginable,
arrangement (d) is unfortunately not rare. Now, not only are noise signals
internal to the unit coupled into the signal path, but also all manner
of external ground noise is included. Local earth differences of up to
50 Vat mains frequency can exist at particularly bad locations such as
power stations, and differences of several volts are more common.
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The only conceivable reason to use this layout is if the input signal is
already firmly tied to a remote ground outside the unit, and if this is
the case it is far better to use a differential amplifier as in Figure
1.9(e), which is often the only workable solution for low-level signals
and is in any case only a logical development of the correct approach for
single—ended signals (a). If for some reason you are unable to take a
ground return connection from the input signal, you will be stuck with
ground—injected noise.
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A1l of the schemes of Figure 1.9(b) to (d) will work perfectly happily
if the desired input signal is several orders of magnitude greater than
the ground-injected interference, and this is frequently the case, which
is how they came to be common practice in the first place. If there are
good practical reasons for adopting them (for instance, connector or
wiring cost restrictions) and you can be sure that interference levels
will not be a problem, then do so. But you will need to have control over
all possible connection paths before you can be sure that problems won’ t
arise in the field.
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1. 1.7 Output signal ground

Similar precautions need to be taken with output signals, for the reverse
reason. Inputs respond unfavorably to external interference, whereas
outputs are the cause of interference. Usually in an electronic circuit
there is some form of power amplification involved between input and
output, so that an output will operate at a higher current level than an
input, and there is therefore the possibility of unwanted feedback.
The classical problem of output—to—input ground coupling is where both
input and output share a common impedance, in the same way as the power
rail common impedances discussed earlier. In this case the output current
is made to circulate through the same conductor as connects the input
signal return (Figure 1.10(a)).
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FIGURE 1.10 Output to input coupling
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A tailor—made feedback mechanism has been inserted into this circuit, by

means of Rs. The input voltage at the amplifier terminals is supposed to
be Vi, but actually it is:
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Redrawing the circuit to reference everything to the amplifier ground
terminals (Figure 1.10(b)) shows this more clearly. When we work out the
gain of this circuit, it turns out to be:
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Vout/vin = A/(l + [A X Rs/ (RL + Rs)])

which describes a circuit that will oscillate if the term [A X Rs/ (R, +
Rs) ] is more negative than —1. In other words, for an inverting amplifier,
the ratio of load impedance to common impedance must be less than the gain,
to avoid instability.
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Even if the circuit remains stable, the extra coupling due to Rs upsets
the expected response. Remember also that all the above terms vary with
frequency, usually in a complex fashion, so that at high frequencies the
response can be unpredictable. Note that although this has been presented
in terms of an analog system (such as an audio amplifier), any system in
which there is input - output gain will be similarly affected. This can
apply equally to a digital system with an analog input and digital outputs
which are controlled by it.
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Avoiding the common Impedance

The preferable solution is to avoid the common impedance altogether by
careful layout of input and output grounds. We have already looked at input
grounds, and the grounding scheme for outputs is essentially similar: take
the output ground return directly to the point from which output current
is sourced, with no other connection (or at least, no other susceptible
connection) in between.

W L FEAGE



SE S R i R 5 S T B T AT S e ] e AR A SR BT FRATT 2
ZeVTI0 1R NS, Ty Ry S SRR SR ARBAAT - R R ] s E R R
SRt IR R, PR IR R B R (B E DA e 5 I GER)

Normally, the output current comes from the power supply so the best
solution is to take the return directly back to the supply. Thus the layout
of PCB3 in Figure 1.2 should have a separate ground track for the
high-current output as in Figure 1.11(a), or the high—current output
terminal could be returned directly to the power supply, bypassing PCB3

(b).
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FIGURE 1.11 Output signal returns
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If PCB3 contains only circuits which will not be susceptible to the voltage
developed across Rs, then the first solution is acceptable. The important
point is to decide in advance where your return currents will flow and
ensure that they do not affect the operation of the rest of the circuits.
This entails knowing the AC and DC impedance of any common connections,
the magnitude and bandwidth of the output currents and the susceptibility
of the potentially affected circuits.
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