Where' sthe Loop?

Douglas Brooks

Today we' re going to have another quiz!

Figurel illustrates adriver connected to areceiver by a
trace which we have designed as a 50 Ohm transmission line.
Thetraceisreferenced to aground plane, to which both the
driver and receiver are connected. Let’s say the traceis 3 nsec
long. Thedriver applies astep function signal of 3 Voltsto the
trace and that voltage wave begins to propagate down the trace
toward the receiver. Sincethetraceis 3 nsec long, it takes
three nanoseconds for the voltage (signal) to travel between
the driver and the receiver.

Figurel
Driver sending signal over transmission lineto
receiver 3 nsaway.

Now, current is the flow of electrons. Two fundamental
lawsin electronics are (a) current flowsin aclosed loop, and
(b) current is constant everywhere along aloop.

So, here'sthe problem. Isit acontradiction that it takes a
finitetime for the signal to travel from one end of the trace to
the other AND that current is constant everywherein the
loop? Can both these statements be true at the same time?
Which of the following do you think is most correct?

1. Thelaw that states current must be aconstantisa

“steady state” law and may not apply to transients
with nsec time frames.

2. Thereisno current flowing along the trace until
the voltage reaches the |oad at the far end of the
trace.

3. Thecurrent laws apply to average current, but

there may be short term, transient variations
around that average.

4, Thereisno contradiction (evenif | can’t define

what the correct “loop” is.)

If we have a 50 Ohm trace (or transmission line) and ap-
ply a3 Volt signal toit, Ohm’s Law applies. So there will be
60 mA current flowing into the trace (3 Volts/50 Ohms) as
soon as the voltage is applied. So much for choice 2! The cur-
rent and voltage will travel sort of in “lockstep” together

down thetrace. Y ou can think of them asif they
werea“wave’ (whichinfact they are!)

Figure 2 helps usvisualize what is happening.
Figure 2 illustrates how we “model” atransmission
line. We think of atransmission line of being made
up of an infinite string of inductors and capacitors.
Theinductors represent what we call the “intrinsic
inductance” (Lo) of theline, and the capacitors the
“intrinsic capacitance” (Co) of theline. The
“Characteristic Impedance” of thelineis given by
the relationship:

Zo=(Lo/Co)®

Inour illustration, Zo equals 50 Ohms.
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Figure2
Lumped constant model of atransmission line.

Now hereisthe part that can be hard to see. As
the voltage wave “ passes by” a capacitor, the ca-
pacitor must charge up—to three voltsin this exam-
ple. That means electrons must flow onto one plate
of the capacitor and flow off from the other plate—i.
e. current flows “through” the capacitor. Thereturn
current flows off the opposite side of the capacitor
and back to the driver.

Asthe voltage wave passes by one cap, that ca-
pacitor charges up and current then stops flowing
through it, but begins flowing through the next one.
Inthisway, thereis aconstant current flowing down
the line and returning back to the driver, flowing
through “each” capacitor in turn along theline.
Thus, currentisflowinginaloop and it isaconstant
everywherein the loop. Theloop is (approximately)
defined by the distance from the driver to the front
of the voltage wave, from there through theintrinsic
capacitance of the transmission line (which is charg-
ing at that point), and then back to the driver.

Now please understand that Figure 2 isa
“discrete” or “lumped constant” model to help us
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visualize what is happening. In truth, the inductance
and capacitance are “continuous,” or “distributed” ef-
fectsthat cannot be easily visualized. One way to try
to visualize thisisto consider them to be very small
(infinitely small) and therefore very close together.
Since the effect isreally a“continuous’ one, it occurs
at every point (not just discrete points) along
theline.

So, thereis no contradiction to the scenario we
opened with. Even though the waveform propagates
down the line with finite speed, and may take some
finite time to reach the receiver at the far end, current
isstill flowing in adefined loop and is still constant at
all points along that loop.

But perhaps this scenario helps us visualize an-
other potential problem. Suppose the impedance
changes at some point along the line (either because
the intrinsic inductance, capacitance, or both change.)
At that point there is a certain, defined amount of en-
ergy available (3 Voltsat 60 mA). If, for example, the
intrinsic capacitance has increased, then the waveform
cannot charge the capacitance fully asit goes by, and
the voltage drops as aresult of theincreased load. This
causes a distortion in the voltage waveform which be-
comes adistortion of the signal flowing down the
trace, often referred to as “noise”. Thisillustrates why
itissoimportant that the impedance of atrace remain
constant when propagation times become significant.




