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width is in excess of 300 MHz; hence the 1.1 km long
Fibernet is not fiber bandwidth limited at 150 Mbits/s.

It should be noted that BER’s of the order 10—2 are more
than satisfactory in this system application because error
detection is provided in the packet handling procedures,
and packets are re-transmitted in the event of an error. For
packet lengths of order 103 bits, a BER as high as 10~¢
would still only require retransmission of one packet per

thousand.
ERROR PROBABILITIES

Webb, McIntyre and Conradi32 give an approximate
expression for the probability of observing m output electrons
from an avalanche photodiode given # injected (primary)
photoelectrons which can be written after normalization as

1
@2mt/2g[1 + (m —AM)[/oN] 8/2

Pr(m)=

—[ (m—nm)2 ]
202[1+(m—AM)/o]

* exp

where A = (mF,)1/2/(F,—1), 02 = nF,M?2, k is the ionization
ratio, M is the mean gain, and F, = kM + (2 —1/M)(1 — k) is
the excess noise factor for electrons.

To calculate error probabilities we consider the “false
alarm” case (a ‘0™ registers as a ““1”’) and the “miss” case (a
““1” registers as a “0”"). If n; and ng are the mean numbers of
primary electrons for a “1” bit and a “0” bit, respectively,

then the false alarm probability is given by

Pr(m)= X, Pi,(m),

m=m;

and the miss probability is given by

m¢—1

Ppiss(m) = X, Pr, (m),
0

where m;, is the detection threshold for the output electrons.
Figure 15 shows Pg, and Py, as a function of threshold m;,,
using representative values of the ionization ratio k¥ (.02) and
the mean gain M (100), for a range of values of ng and n;.
This figure illustrates the effects on error rate and optimum
threshold of average power changes and incomplete laser
extinction (pulse on a pedestal). For example, if n; = 250
and the modulation ratio is large (ng < ~4), the error rate is
<10~? and the optimum threshold (where Pg, = Py, 50 that
Py, + Ppjse is minimum) is just over 104 electrons/bit. If the
modulation ratio is less, say 4:1, then ng = 31; the error rate
rises close to 10~ and the optimum threshold is ~1.3 X 104.
This increase in the error rate can be compensated by ac-
cepting a power penalty and increasing the power level of both
the “0” and “1” signals. For example, a 3 dB increase to
n; = 500, ng = 62 lowers the error rate below 1011 at a

threshold of ~2.5 X 104.

Figure 15.
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It should be pointed out that Figure 15 does not include
the effect of amplifier noise; when such noise is taken into
account, error rates rise. Additionally, Figure 15 assumes a
particular value of average gain M. When amplifier noise is
considered, there exists an optimum value of M, in general
different from the one assumed in Figure 15, at which the
detector noise equals the input equivalent noise of the ampli-
fier. In spite of these limitations, it is of interest to examine
Figure 15 for consistency with the error rates observed in the
Fibernet experiment, viz. <10~11 at 150 Mbits/s. The optical
power received at the detector corresponds to n; = 4000.
With a modulation ratio =4:1, ng < 1000. Thus, Figure 15
predicts an error rate of <10~14, consistent with experiment.

CONCLUSION

There are several well-known attributes of fiber optics
which might lead one to choose to use fiber optics rather
than coaxial cable for a local computer network. These include
a higher Bw+L product, potentially lower cable costs, reduced
installation costs because of the lack of need to conform to
local electrical wiring ordinances (no conduit, for example)
and the freedom from electronic interference problems. These
must be balanced against the additional component com-
plexity that fiber optics introduces. The final choice, as always,
is determined by the technical requirements and economics of
each application. It seems clear, however, that a passive local
computer network requiring Bw+L products significantly in
excess of a few MHz+km will require a fiber optical network of

some form.
The Fibernet experiment has demonstrated the practicality

of a 100 Mbit/skm local computer network using today’s
technology. The network configuration adopted in this experi-
ment is only one of several possible, and was selected because
it permitted the largest number of terminals tp be connected
by a completely passive medium. Recent experimental work
on low insertion loss fiber optic tees suggests that a passive
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linear system, as illustrated in Figure 1, may soon be able
to support a competitive number of stations. Additionally,
it is not clear that the electronics of an active repeater ring
such as Halo, or an active star repeater network, could not
be made reliable enough for use in a local computer net-
work. The appropriate system configuration, like the decision
to use fiber optics or coax, will be determined by requirements
and economics.
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