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SUBCHANNEL MODULATION SCHEME 
FOR CARRYING MANAGEMENT AND 

CONTROL DATA OUTSIDE THE REGULAR 
DATA CHANNEL 

TECHINAL FIELD 

The invention pertains to the field of increasing the 
capacity of local area networks, bidirectional CATV Systems 
or other systems where there is more bandwidth available in 
the media than is consumed by the communication protocol 
in use. The invention finds application also in CPU 
peripheral interconnections in very large Systems which may 
or may not be distributed by adding an out of band Sub 
channel. Most typically the invention finds useful applica 
tion in large Systems having Servers connected to large disk 
arrays where huge Volumes of data must be moved and 
managed. 

BACKGROUND ART 

In many large computer Systems. Such as are found in 
banks, at credit card transaction processing centers, etc., 
huge amounts of data must be moved and Stored. Typically, 
very large disk arrays are used to Store the data and these 
disk arrays are connected to file Servers. These type Systems 
require of the Server/disk connection high reliability, high 
Speed, large throughput and large bandwidth since huge 
amounts of information are being processed and a System 
shutdown or slowdown adversely impacts customers (and 
possibly Safety in the case of large air traffic control com 
puter Systems). Because these systems can be spread out 
over several buildings or even if all the servers and disk 
arrays are within the same building, the easiest way to 
interconnect all the Servers and disk drives for maximum 
redundancy is through a local area network usually with a 
hub having drop lines connected to all Servers, disk drives 
and other units. Because disks fail frequently and must be 
replaced by redundant disks, there is a large amount of 
management and control traffic that must go back and forth 
over the Server/disk array connections and through the hub 
to the management and control process. This management 
and control traffic is necessary to determine which disks are 
on-line, where those disks are on the network, operational 
disk status, how many fans are still running (because when 
a fan fails, the disk it cools will probably be next), what 
Servers are Still operational, network fault Status, network 
traffic conditions and Statistics, etc. 

Out of band management topologies get management data 
to and from the hub easily enough on Separate network 
Segments, which has its own Set of problems described 
below. However, getting management and control data to 
and from the disk arrays in-band is more difficult. The 
management and control data sits in registers on a board in 
the disk array. In order to get this low speed, low priority 
data onto the high Speed data path, Special circuitry must be 
built in each disk array which interfaces these registers to the 
high Speed data path. This circuitry functions to collect and 
format the management and control data into the type of data 
packets used in the high Speed data path and to transmit 
these packets with the correct communication protocol to the 
hub. Since the management and control data does not 
consume an entire packet of the Size used to Send data on the 
high Speed data path, Some packet Space is empty and 
wasted . The need for this special circuitry to put the 
management and control data in the high Speed data path 
makes the disk arrays more expensive and complex and 
placing management and control data in the high Speed data 
packets wastes network throughput. 
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2 
Some disk arrayS Store the management and control data 

on a Separate disk drive which can be polled. However, this 
approach does not Solve the problem of the need for Special 
circuitry to get the management and control data into 
packets in the high Speed data path and the resulting extra 
complexity and wasted throughput. It only allows time 
shifting thereby enabling transmission of the management 
and control data when network traffic volume is low and the 
throughput loSS is not as Significant. This time shifting is 
implemented by providing more Storage capacity for the 
management and control data than is provided in the regis 
ters of the other prior art type disk arrays described above. 

In Some networks, management traffic is transmitted 
in-band by placing the management and control packets 
inside empty data packets and Shipping these partially filled 
packets over the existing network connections between the 
Server, hub and disk drives. This causes loSS in throughput 
Since the data packets are large and the management data 
does rot fill the data packets entirely. This leads to wasted 
bandwidth. Further, arbitration by the management proceSS 
to have one or more packets awarded to it for management 
traffic and to have access to the network So that transmis 
Sions to all Servers and disk drive arrays of management 
messages consumes processing resources and network 
throughput unnecessarily. 
One proposal has been made in the prior art to interleave 

Special management and control packets in with the packet 
Stream on the high Speed data path to alleviate the above 
mentioned problem. However, this makes the design of the 
integrated circuits that implement the processing on the 
various network protocol layerS more complex and difficult. 
So far this approach has been a commercial failure. 

Another approach that has been tried in the prior art for 
transmission of management and control packets is to pro 
vide an entirely separate network for the management and 
control data Such that each Server and disk array is connected 
to the out of band management and control process running 
on a separate diagnostic processor by its own network 
Segment. This Substantially increases the wiring and con 
nection cost of the System, especially in distributed Systems, 
as every Server and disk array must have an additional 
network Segment connected thereto. In addition, each Server 
and disk array uses a card Slot for the management and 
control network card which adds to the expense, complexity 
and failure point count of each of these units. 
A multiplexing approach that has been used in the prior art 

to Send multiple television Signals over the same media is 
represented by U.S. Pat. No. 3,623,105. This patent teaches 
receiving multiple video signals and translating each one to 
a different channel or Subband and adding all the Subband 
Signals together to form a composite Signal. The composite 
Signal is then applied to the frequency control input of a 
VCO having a nominal frequency of 750 mHz. The output 
of the VCO is applied to one input of a pulse width 
modulator the other input of which receives an 18 g|Hz 
carrier. The pulse width modulator serves to key the 18 ghz 
carrier in accordance with the period of the Signal from the 
VCO so that what is transmitted is a train of 18 g|Hz waves 
the width of each wave or “pulse' being set by the instan 
taneous period of the signal output from the VCO. 

Another approach to implement a Subchannel or auxiliary 
channel over a digital communication System is represented 
by U.S. Pat. No. 4,079,203 to Dragoo. This patent teaches an 
auxiliary channel implemented on a time division multi 
plexed carrier System by modulating the pulse repetition rate 
of the digital bitstream on the transmit Side of the transac 
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tion. Each transceiver transmit section includes a FIFO shift 
register acting as a buffer. Modulation of the auxiliary 
channel data is carried out by varying the rate at which the 
digital information of the main channel is clocked out of the 
FIFO shift register at the transmitting end. The modulating 
Signal varies the pulse repetition rate of a Voltage controlled 
multivibrator which has its output coupled to the clock out 
input of the FIFO shift register and to a phase comparator of 
a phase lock loop. Data is clocked in using a clock signal 
derived from the incoming Serial data Stream. One drawback 
of this system is that the capacity of the FIFO can be 
exceeded if the clock out rate falls substantially behind the 
clock in rate because of the nature of the modulating Signal 
during certain intervals. 

Another approach which has been tried in the prior art is 
represented by U.S. Pat. No. 4,425,642 to Moses et al. This 
patent teaches Sending digital data Simultaneously with 
analog signals over the same media used by an analog signal 
communication System Such as a telephone or television 
Video. This is done by converting the digital data into very 
low power multifrequency Signals consisting of fundamen 
tals and harmonics. Although the harmonics are in the 
frequency range of the main Signals, their low power does 
not cause Substantial interference. Complicated filter 
arrangements at the receiver end Separate out the harmonics 
and fundamentals that encode the digital Signals and 
demodulation circuitry at the receiver decodes these fre 
quencies back into digital data. This approach is not well 
Suited to a System where the main data flow is digital and 
requires complex filtering and decoding arrangements at the 
receiver and is therefore unduly expensive and complex. 

Another approach that has been tried in the prior art is 
exemplified by U.S. Pat. No. 4,677,608 to Forsberg. This 
patent teaches a method of implementing a Service channel 
over a fiber optic System line which carries high data rate, 
e.g., 34 megabits/Sec, data encoded with a code the power 
Spectrum of which is heavily Suppressed for low frequen 
cies. The low frequency section of the media bandwidth is 
used to transmit a service channel with a low bandwidth. The 
Service channel Signals are frequency modulated, and this 
frequency modulated Signal carrying the Service channel 
data is then used to pulse width modulate pulses forming the 
high Speed data Stream. 

It is critical to note in fully understanding the invention 
that this Forsberg Scheme only transmits high Speed data in 
the RZ or return to Zero format on the fiber optic media, and, 
if NRZ format high speed data is input to the pulse width 
modulator, the NRZ format high speed data is converted to 
RZ format high Speed data for transmission on the fiber optic 
media by performing an AND operation with the clock, as 
shown in FIG. 5 (see Col. 3, lines 58–61). Either way, the RZ 
data is a stream of pulses (during logic 1 bit times cnly) that 
are pulse width modulated by the Subchannel carrier Signal. 
RZ format high Speed data is not compatible with Standard 
high Speed data receiverS designed in accordance with this 
Fibre Channel and Gigabit Ethernet standards which are the 
network environments in which the various species of the 
invention disclosed herein are intended to work. Also, with 
RZ data, the number of transitions from one logic State to 
another is approximately double the number of transitions of 
NRZ data over the same number of bit times. Forsberg's 
System pulse width modulates each pulse representing a 
logic 1 So he gets perturbations of the lime of crossing a 
reference Voltage for both a rising edge and a falling edge of 
that pulse. With RZ data, if two consecutive logic 1's are 
followed by two consecutive logic 0’s over four bit times, 
there will be a pulse with two transitions in each of the first 
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4 
two bit times (representing two consecutive logic 1s) and 
no pulses in the next two bit times. In contrast, with NRZ 
data for the same hypothetical, there will be a rising edge at 
the beginning of the first bit time and a falling edge at the 
end of the Second bit time and no transitions during the third 
and fourth bit times. The critical distinction is that NRZ data 
has a transition density which is variable over time depend 
ing upon the content of the data while RZ data does not have 
a variable transition density. Since the Subchannel informa 
tion in Forsberg's System is expressed in the form of 
perturbations of the time of crossing the reference Voltage on 
each transition of all logic 1 pulses, his System has a know 
and reliable number of transitions in which to send Subchan 
nel energy. Therefore, Forsberg does not have a variable 
transition density probleme, and teaches no circuitry to deal 
with the fact that where pulse width modulation is in used to 
carry the Subchannel information, transition density varia 
tions vary the magnitude of the Subchannel Signal at the 
receiver. Because RZ data is used exclusively in the Fors 
berg System as the data format on the media, a much Stronger 
and nonvarying amplitude Subchannel Signal is available at 
the Subchannel receiver which is easier to detect in the 
presence of noise is availabe. 

Forsberg's System apparently was designed to work in 
telephony Systems built by Ericsson (the assignee of the 
Forsberg technology) which are not transmitting One Giga 
bit digital data on a local area network. This conclusion can 
be drawn from the teachings at Col. 2. line 65 where the 
Subchannel data rate is indicated to be 0.3–4 kHz, and Col. 
3, line 6 where the FM modulated subchannel data signal is 
indicated to be 35-65 kHz, and from Col. 2, line 54 where 
the high Speed bit rate is taught to be fo and Col. 3, lines 21 
and 22 where the clock rate is taught to be f = 1/T and Col. 
3, lines 35-36 where the clock frequency is taught to be 
around 40 MHz. 

Therefore, a need has arisen for a method and apparatus 
of implementing a Subchannel which shares the same media 
as the high Speed data channel and which can be used 
regardless of whether the media is fiber optic or copper and 
which can be used when the high speed data is in NRZ 
format with a variable transition density. The desired prod 
uct will be one over which Subchannel data is sent over the 
shared media out of band thereby not adversely impacting 
throughput of the network for the high Speed data. Further, 
the preferred form of the desired product will be compatible 
with existing high Speed data receivers and line transceivers 
So that no modifications thereto are required and So that the 
presence of Subchannel data Fourier components in the high 
Speed data Signal will not increase bit error rates of the 
conventional high Speed data receivers. Also, the desired 
product will not unduly complicate the circuitry at both ends 
of the media and will not be jammed by the high Speed data 
transmissions. 

SUMMARY OF THE INVENTION 

There is disclosed herein method and apparatus for imple 
menting a Subchannel for management and control or other 
Supplemental data on a media Shared with a high Speed data 
link. The species disclosed herein fall into either of a first or 
Second genus. Both classes share the common characteristic 
that the Subchannel data can be sent out of band over the 
high Speed data media without Substantially increasing the 
bit error rate of the high Speed data receivers. All the Specific 
Species disclosed herein for Subchannel transmitters and 
receivers could also be implemented using Suitably pro 
grammed digital Signal processors. 
The preferred genus has as a principal characteristic that 

all Species therein are backward compatible with existing 
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high Speed data transmitters, media interface devices and 
high Speed data receivers and do not require any changes 
thereto nor does the existence of the Subchannel Signals 
degrade the bit error rate of the high Speed data transmis 
Sions. This means, among other things that no access to the 
internal circuitry of the high Speed data receivers or media 
transceiverS is necessary to make changes to implement the 
Subchanriel Scheme, and, further, that data is transmitted in 
the format which the high Speed data receivers are designed 
to understand (NRZ for 1 GB EthernetTM and Fibre Chan 
nelTM standards). In contrast to the Forsberg prior art (U.S. 
Pat. No. 4,677,608), no species within the preferred genus of 
the invention transmits RZ data as that would be incompat 
ible with all existing gigabit receivers for Fibre Channel or 
One Gigabit Ethernet LANs. All species in both the back 
ward compatible and proprietary link classes transmit the 
combined high Speed data and Subchannel Signal in NRZ 
format with the high speed. data encoded with a DC bal 
anced encoding Scheme. Further, all Species in the backward 
compatible genus which depend Solely upon pulse width 
modulation to transmit the Subcarrier Signal also require that 
the encoding Scheme have a bounded transition density 
which will never fall below a certain figure (0.3 for 8b/10b 
encoding meaning for 10 bits of 8b/10 encoded data there is 
guaranteed to be at least 3 transitions and could be up to 10) 
regardless of the content of the data. The reason for this is 
that the amplitude of the Subchannel Signal at the Subchannel 
receiver in all Species which rely Solely on pulse width 
modulation is directly proportional to the transition density 
of the high speed data. This varies with the content of the 
data, So the amplitude of the Subchannel Signal can fall lower 
or go higher than the nominal values depending upon the 
gigabit data content. In contrast, the RZ format described in 
the Forsberg prior art reference has an essentially constant 
transition density. Further, if too much Subchannel energy is 
injected, excessive jitter in the high Speed data receiver is 
caused which can cause bit errors or loSS of lock. High Speed 
data receivers can withstand 60-70% eye closure on bit 
times caused by jitter before losing Synchronization. These 
issueS of excessive jitter and Subchannel amplitude that is 
dependent upon transition density and the need for an 
encoding Scheme with a bounded transition density are 
issues that Forsberg does not recognize and upon which he 
adds no teachings to the content of the prior art. 

Another significant characteristic that all Species in this 
preferred backward compatible genus shares is that where 
alteration of the times of reference Voltage crossings is the 
mechanism by which the Subchannel data is transmitted 
through digital buffers in the media interfaces, the Subchan 
nel carrier amplitude actually Summed with the high Speed 
data will have to be limited to prevent excessive jitter in the 
high Speed data receivers causing loss of Synchronization 
lock. Every device in a Subchannel System contributes Some 
jitter. Fibre Channel systems allow up to 500 picoseconds of 
jitter in one gigabit Systems. The preferred Subchannel 
Species disclosed herein are designed to contribute to the 
System jitter budget approximately 15 picoSeconds of jitter 
or less in the high Speed data receiver caused by injection of 
the Subchannel Signal. To Sum up this principal characteristic 
of the preferred genus, the Subchannel circuitry, modulation 
Scheme and Subchannel carrier amplitude and all other 
characteristics must be Such that the high Speed data link 
behavior works the way it has always worked and is inde 
pendent of the presence or absence of Subchannel circuitry 
on the transmitter or receiver end and requires no changes to 
the circuitry of the high Speed data transmitter or receiver or 
any of the media interface devices. Species in the preferred 
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6 
genus do not use modulators that modulate the high Speed 
data with the Subcarrier data. The Subchannel data is simply 
Summed with the high Speed data and picked off at the 
receiver Side using a low pass filter and narrow band receiver 
tuned to the center frequency of the Subchannel carrier. 
There is no demodulation of the Subchannel data from the 
high Speed data at the receiver Side in the preferred Species 
and no pulse width demodulator is used. The preferred 
Species simply discriminate the FSK modulated Subchannel 
carrier to recover the Subchannel data. By not using a pulse 
width demodulator, the detection margins are Smaller, but 
the circuit is leSS complex. Generally, angle modulation 
techniques Such as phase or frequency shift keying of the 
subchannel carrier by the subchannel data works better than 
amplitude modulation techniques. This is because of the 
backward compatibility issue and because of the amplitude 
modulation caused by random variations in transition den 
sity with NRZ format high speed data content. 
The other defining characteristics of the preferred back 

ward compatible genus are as follows. 
First, the subchannel link is compatible with standard 

media interface components and modules for either com 
pensated copper, uncompensated copper or fiber optic media 
types. This means that with Suitable adjustments of injection 
amplitude (or use of a two value attenuator) and injection 
type (differential or Single ended), the Subchannel circuitry 
can be used with either copper alone or fiber alone or with 
GBIC modules for field interchangeability between either 
copper or fiber. 

Next, the high speed data stream is in NRZ format and is 
encoded with a code Such as 8b/10b which is DC balanced 
So that at frequencies around the Subchannel carrier fre 
quency there is much less energy content in the Fourier 
Spectrum components than in the higher frequency compo 
nents. The Subchannel data is used to modulate a Subchannel 
carrier which is within the link passband (including any 
lower frequency limitations caused by DC blocking capaci 
tors used for AC coupling) and is also in the portion of the 
low frequency portion of the Spectrum of the high Speed data 
which is heavily Suppressed by the DC balanced encoding. 

Further, the high Speed data encoding Scheme must have 
a bounded transition density which never falls below a worst 
case value for the preferred genus which achieves backward 
compatibility by, among other things, using pulse width 
modulation of the high Speed data to transmit the Subchannel 
data. Transition density need not be bounded for non-PWM 
species either within or without the preferred compatible 
genus. Transition density boundaries are needed in PWM 
based species because in the preferred genus, the Subchannel 
carrier modulated with the Subchannel data is added to the 
high Speed data Stream which causes the. information of the 
Subchannel data to be expressed in the combined Sum 
waveform as both amplitude changes and pulse width modu 
lation (PWM). This PWM results from shifts in the time of 
passage of the rising and falling edges of the data transitions 
in the NRZ format data across a discrimination threshold 
Such as a Zero crossing (hereafter, Zero crossing may be used 
to refer to the time of crossing of a leading or trailing edge 
with non-Zero rise time acroSS a Voltage reference even 
though the reference voltage may not be Zero). However, 
because of compatibility requirements of the preferred 
genus, this combined waveform is usually passed through a 
digital buffer at the transmitter media driver or the receiver 
media interface or both. The digital buffer blocks any 
amplitude variations at the input from getting to the output 
other than to pass the logic 1 sand 0's. In other words, the 
media driver and the receiver media interface regenerate the 
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logic Signals at their outputs at defined logic levels regard 
less of deviations from these standardized levels at the 
inputs. Thus, the Subchannel data gets through the media 
only in the form of the alteration of the Zero crossing times 
of the transitions in the NRZ high Speed data Signal, a form 
of pulse width modulation, Since these alterations of the Zero 
crossing times can pass through as many digital buffers as 
are needed without being lost. However, this means that the 
entire energy of the Subchannel data spectrum is expressed 
in the alterations of the Zero crossing times of the high Speed 
data transitions, So a minimum transition density must be 
guaranteed by the encoding Scheme So that Sufficient energy 
of the Subchannel spectrum gets through the media to 
provide Sufficient amplitude of the Subchannel Signal at the 
Subchannel receiver to enable it to be detected in the 
presence of noise. The noise in the Subchannel receiver 
acting as an impediment to detection of the Subchannel 
Signal has three principal components and other minor 
components. The principal components are: (1) the amount 
of energy in the Fourier spectrum components of the high 
Speed data generally within the bandwidth of the low pass 
filter in front of the Subchannel receiver; (2) electromagnetic 
interference picked upon in the Subchannel receiver past the 
low pass filter in the frequency range of the Subchannel 
carrier from all Sources including the clock and the Fourier 
components of the high speed data; and, (3) random varia 
tions in received Subcarrier amplitude caused. by. changes in 
transition density of the NRZ format high speed data. The 
amount of energy in the Spectrum of the high Speed data in 
the passband of the low pass filter depends upon the data 
pattern of the high Speed data and varies with that data 
pattern as does the transition density. Generally, the Sub 
channel signal is about 30-40 dB down from a reference 
level Set at the full power of the gigabit transmitter, So 
transition density and the amount of noise present play a 
Significant role in whether or not Subchannel data can or 
cannot Successfully be transmitted through digital buffers in 
a fully compatible System. 
The high speed data usually has a bit rate of 1 GB or faster 

although the data rate of the high Speed data Stream is not 
actually intended to be a claim limitation or a defining 
characteristic of the preferred genus. 

The preferred species within the preferred backward 
compatible genus is designed for use with GBIC media 
interface technology and a Selectable attenuator Such that it 
can be used with either copper or fiber optic media. Switch 
ing of the media in the field can be donle by changing the 
GBIC media adapter to the type used by the desired media 
and by adjusting the level of attenuation of the Subchannel 
carrier So as to obtain acceptable levels of jitteir in the high 
Speed data receivers. The required attenuation of the Sub 
channel carrier amplitude is greater in the copper media case 
than for the fiber optic case. 
One preferred species in the backward compatible genus 

of the invention uses frequency shift keying modulation of 
the Subchannel carrier and mixes the Subchannel carrier So 
modulated with the high Speed data pulse train by addition 
or Superposition. This causes amplitude modulation of the 
amplitudes of the pulses of the high Speed data pulse train 
because the frequency of the Subchannel carrier is So much 
lower than the 1 GB frequency of the high speed data. This 
amplitude modulation will be passed through to the media 
and the high Speed data and Subchannel receivers on the 
opposite end of the link if analog line drivers are used, So 
transition density of the high Speed data would not be an 
issue in Such a species. However, If any digital line driver for 
either copper or optical media is interposed between the 
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Summing junction and the media itself, the resulting ampli 
tude modulation of the high Speed data pulses does not 
Survive transition through the digital line driver Since the 
output Voltage levels of a digital driver are not a function of 
the input Voltage levels arid is only a function of whether the 
input is a logic 1 or 0. In this case, the only effect of the 
presence of the Subchannel data is pulse width modulation of 
the high Speed data pulses. Transition density of the high 
Speed data then becomes a key factor in whether or not 
Sufficient energy from the Subchannel data gets through to 
the Subchannel receiver to be detected. 
One of the preferred Species involves using Separate 

Subchannel data as an input to an FSK transmitter to alter the 
frequency of a Subchannel carrier having a frequency of 
abolt 1.152 mhz between Separate mark and Space frequen 
cies using a phase accumulator and a sin(x) lookup table to 
generate a plurality of digital values which are input to a 
Video speed digital to analog converter to generate the FSK 
modulated carrier. This frequency was Selected in a design 
change to help alleviate a noise problem in the 500-750 kHz 
range that non-GBIC 1-of-9 optical media receivers had 
which clobbered the original Subchannel carrier Signal in the 
same range. The FSK modulated subchannel carrier is then 
passed through a low pass filter to Smooth out the Sine wave 
and then is applied to a Summing junction through variable 
attenuator which has one attenuation value for optical media 
and another attenuation value for copper media. The attenu 
ation is necessary to control the amount of jitter in the high 
Speed data at the high Speed data receiver caused by the 
presence of the Subchannel data So that the amount of jitter 
caused does not exceed the ability of the high Speed data 
receiver to continue to Stay in Synchronization with the high 
Speed data. More attenuation is applied for copper media 
because of the tendency of skin effects in copper media over 
long runs of cable to flatten out the leading and trailing edges 
of the high Speed data transitions. The greater attenuation of 
the Subchannel carrier in the copper media case prevents the 
amount of jitter at the high Speed receiver from becoming 
too great. 

This variable attenuator and use of a Subchannel carrier 
frequency of approximately 1 Mhz are characteristics of all 
Species using GBIC media drivers to couple the combined 
Signal into either fiber optic or copper media at the choice of 
the technician in the field. 
A less expensive, preferred FSK type transmitter for 

Species within the preferred backward compatible genus 
uses a four bit counter to count a clock which is 16 times the 
Subcarrier center frequency and an up/down 4-bit counter to 
count a clock which is 16 times the FSK deviation fre 
quency. The Subchannel data itself is applied to the up/down 
control input of the up/down counter to control whether it 
counts up or down. The resulting 4 bits are added to the 4 
bits from the counter counting the Subchannel carrier clock 
by a digital adder. The result is a stream of digital numbers 
the MSB of which defines a different number of cycles over 
a given time when the Subchannel data is a logic 1 than when 
it is a logic 0. The Stream of digital numbers representing the 
phase of the Subchannel Signal is used to address a Sine 
ROM and the output is applied to a DAC with a low pass 
filter used to Smooth out the result. The resulting Signal is 
added directly to the high Speed data through the variable 
attenuator. 

Another preferred low cost FSK transmitter uses a dual 
modulus divider which counts a clock having a frequency 
which is the lowest common multiple of the mark and Space 
frequencies. The divisor value is controlled by the subchan 
nel data. 
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In addition to the preferred Species, there are disclosed 
Several Species in a non-backward compatible genus which 
use an FDMA approach. These alternative embodiments 
including AM, FM, PM, phase, QAM, QPSK etc. modula 
tion of a Subcarrier having a frequency which is in the 
bandwidth provided by the shared media which is not used 
by the DC balanced high speed data stream. Other FDMA 
approaches are phase, amplitude or frequency modulation of 
the high Speed data clock with the Subchannel data before 
NRZ encoding of the high speed data 8b/g10b encoded 
baseband Signal, and use of different phase locked loops at 
the receiver end to recover the high Speed data clock and 
recover the Subchannel data from the clock. 

Several optical fiber Species of the invention are disclosed 
showing how a Subchannel modulation Signal may be 
Summed with the high Speed data modulation signal to drive 
a laser diode and how the Signals may be separated by 
FDMA techniques at the receiver end, and how the Sub 
channel modulation may be added to the Stabilization bias 
circuit of the laser diode in another FDMA approach. 

Also disclosed are the preferred forms of FDMA approach 
coupling of a Subchannel modulated Subcarrier Signal to a 
high Speed data modulated carrier Signal at both the receiver 
and transmitter ends to prevent coupling of high Speed data 
into the low Speed data input port and Vice versa. 

Also disclosed are a receiver end coupling to prevent 
reflections while Separating the Signals by using a lowpass 
filter while allowing very small subchannel power to be used 
for the subcarrier while still enabling the use of inexpensive 
TTL components to process the Subchannel Signals. 
At the receiver end, the Signals are Separated by coupling 

the combined signal to the high Speed receiver directly and 
coupling the combined signal to a Subchannel FSK receiver 
through a low pass filter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating the general idea and 
a generic implementation of the invention. 

FIG. 2 is a graph of the relative spectra of the management 
and control information in the Subchannel relative to the 
Spectra of the high Speed data. 

FIG. 3 shows a generic block diagram of the type of 
filtering arrangement needed on the transmit Side and 
receive Side to Separate the high Speed data from the 
subchannel data for an 8b/10b encoded high speed data 
Stream. 

FIG. 4 illustrates the combined signals on the shared 
media where, by Superposition, the Subchannel and high 
Speed data Signals are simply added to each other. 

FIG. 5 illustrates another possibility where the instanta 
neous value of the Subchannel data, represented as the low 
frequency waveform 23, is used to multiply the amplitude of 
the pulses of the NRZhigh speed data to get NRZ high speed 
data which has an amplitude for each bit time which depends 
upon the amplitude of the Subchannel waveforirn during that 
bit time. 

FIG. 6 illustrates one species of a Subchannel System in 
the backward compatible genus wherein copper shared 
media 20 is used and no limiting drivers or digital buffers are 
present to “filter out amplitude changes in the combined 
Signal and a linear Subchannel receiver is used. 

FIG. 7 illustrates the combined signal on shared media 20 
resulting from the Superposition at Summing node 52 of the 
modulated Subcarrier and the high Speed data Signal. 

FIG. 8 shows the effect of passing the combined signal of 
FIG. 7 through a digital buffer. 
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FIG. 9 shows the relationship between the Fourier spec 

trum 76 of the high speed NRZ data, the bandwidth 78 of the 
link, and the Fourier spectrum 80 of the subchannel signal 
for one gigabit NRZ 8b/10b encoded data and a subchannel 
carrier frequency of approximately 1 mHz. 

FIG. 10 represents the species within the backward com 
patible genus where digital buffers in media interface trans 
ceivers exist for the copper media case. 

FIG. 11 is the same as FIG. 10 for the fiber optic media 
CSC. 

FIG. 12 shows a specific embodiment of a species of 
subchannel transmitter within the backward compatible 
genus in the form of an FSK transmitter using direct digital 
Synthesis. 

FIG. 13 shows an embodiment of a subchannel injection 
mechanism with a variable attenuator for use with GBIC 
media interfaces and including a variable attenuator So that 
the same Subchannel transmitter may be used with either 
copper or fiber optic media without causing excessive jitter 
Simply by changing a Switch position. 

FIG. 14 shows a species in the backward compatible 
genus of a Subchannel transmitter injection network for use 
with fiber optic media and a fixed optical 1x9 media 
transceiver. 

FIG. 15 shows a subchannel transmitter injection network 
for use with copper media and a fixed copper 1x9 media 
transceiver. 

FIG. 16 is a diagram of a less expensive frequency shifted 
keyed Subcarrier transmitter. 

FIG. 17 is a block diagram of a simple subchannel FSK 
transmitter using a dual modulus divider. 

FIG. 18 is a block diagram of the preferred subchannel 
FSK receiver. 

FIG. 19 is a diagram of the frequency response of the RLC 
circuit at resonance in the quad detector of the FSK receiver. 

FIG. 20 is an alternative embodiment of a Subchannel 
receiver which is useful in a proprietary link where access to 
the internal circuitry of the high Speed data receiver is 
possible. 

FIG. 21 shows an alternative Subchannel embodiment in 
the proprietary link genus using modulation of the phase or 
frequency of the high Speed data clock using the Subchannel 
data. 

FIG. 22 is a block diagram of a phase locked loop clock 
recovery circuit which is used both to recover the high Speed 
clock as well as the Subchannel data for the transmitter of 
FIG. 21. 

FIG. 23 schematically illustrates a subchannel species in 
the proprietary link genus having a transmitter Structure to 
implement modulation of laser diode power Simultaneously 
with Subchannel data and high Speed data. 

FIG. 24 represents a proprietary link receiver System for 
the transmitter design of FIG. 23. 

FIG. 25 represents an alternative embodiment for an 
optical Subchannel transmitter wherein the Subchannel infor 
mation to be transmitted is injected into the bias control 
current Source to alter the bias. 

FIG. 26 represents a block diagram of an alternative 
receiver input network for a proprietary link where access to 
the media interface device design is available and where the 
shared media is an optical fiber. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to FIG. 1, there is shown a block diagram of a 
System representing the Overall genus of including Special 
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Subchannel transceivers that can Send and receive manage 
ment and control data, etc. Over an out-of-band Subchannel 
while sharing the high Speed data path media with the high 
Speed data. FIG. 2 illustrates the basic Spectral utilization 
according to the teachings of the invention. The invention 
finds utility in any communications network or local/ 
distributed high Speed computer System having high Speed 
data links between one or more nodes and/or hubs and high 
Speed data peripherals where the data encoding Scheme in 
use is DC balanced. DC balanced data encoding Schemes 
Such as 8b/10b are DC balanced which means that the low 
frequency portion of the Fourier spectrum of the encoded 
high Speed data is heavily Suppressed, i.e., the high Speed 
data spectrum 24 in FIG. 2 does not consume the entire link 
bandwidth 25 available through the media and its media 
interface drivers. The invention is useful in systems where 
there is a need for out-of-band management and control or 
other traffic in addition to the high Speed data So that the 
overhead management and control traffic does not reduce 
throughput for the high Speed data. 

Fundamentally, any type of Subchannel System that can 
communicate data bidirectionally or unidirectionally using a 
portion of the bandwidth provided by the media which is not 
carrying much energy of the high Speed data spectrum which 
uses any modulation Scheme not found in the prior art of 
subchannel systems falls within one of the two classes of 
Species that define the invention. 

In a real network System, each Server, hub, disk drive and 
other units to be managed or controlled would have its own 
built in subchannel transceiver. For simplicity in FIG. 1, 
only two separate units 10 and 12 of a network are shown. 
Typically, unit 10 would be a RAID or JBOD multidisk 
standalone disk drive or hub and unit 12 would be a server 
which would have a Server proceSS 14 and a management 
and control process 16 in execution thereon. Alternatively, 
unit 12 would be another hub with only a management and 
control proceSS in execution thereon. High Speed data from 
disk drive 10 would be sent by a known high speed data 
transceiver 18 over shared media 20 (consisting of two pairs 
of conductors, one pair for each direction) to another known 
high Speed data transceiver 22 in the Server. The transceivers 
18 and 22 and other associated circuitry implement known 
protocols for transmission of the high Speed data by 
accessing, buffering, packetizing, modulating, transmitting, 
receiving, demodulating, depacketizing, buffering and pass 
ing the high Speed data to the Server process for utilization. 
The details of the bidirectional transmission of the high 
Speed data are not important other than to note that the 
encoding Scheme for the backward compatible and propri 
etary link genus must SuppreSS the amount of energy in the 
low frequencies enough to allow a weak Subchannel Signal 
in the low frequency range to be detected. 

The type of spectrum shown at 24 in FIG. 2 is typical of 
8b/10b encoding. This encoding Scheme was invented and 
patented by IBM, and creates a DC balanced transmission 
through a serial link. In the case of Fibre Channel, an ANSI 
defined Standard for communication between peripheral 
devices, this means that the vast majority of the energy in the 
spectrum of the high speed data is in the bandwidth of the 
link above about 50 mHz. There is energy from the high 
Speed data down in the Subchannel carrier frequency range 
of from 500 kHz to about 1 mHz, but the levels of this 
energy are low enough to allow the Subchannel Spectrum 30 
to be detected. 

This Subchannel detectability issue give rise to another 
requirement for the encoding Scheme for Species within the 
backward compatible genus which pass the Subchannel 
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Spectrum energy through the link in the form of perturba 
tions of the Zero crossing times of the high Speed data 
transitions. For these species, the transition density of the 
high Speed data must be bounded So as to not fall below a 
certain limit (0.3 for 8b/10b encoded data). The reason for 
this is that the amplitude of the Subchannel data frequency 
components in the Subchannel Spectrum, shown at 30 in 
FIG. 2, depends upon transition density. In the backward 
compatible genus, the Subchannel carrier modulated with the 
Subchannel data is simply added to the high Speed data 
Signal to created a combined signal. This combined signal 
has both amplitude variations caused by the addition of the 
Subchannel carrier and also has pulse width modulation 
caused by perturbation of the Zero crossing times of the 
leading and trailing edges of the high Speed data transitions. 
When this combined signal is passed through digital buffers 
Such as are commonly found in media interface drivers for 
both copper and fiber media, the amplitude changes in the 
combined signal do not survive. Only the pulse width 
modulation caused by the leading and trailing edge pertur 
bations survive. Typically, the amplitude of the subchannel 
Spectrum components in the combined signal before passing 
through any digital buffers is about 20–30 millivolts. When 
the amplitude variations are lost after passing through a 
digital buffer, the amplitude of the components in the 
Subchannel Spectrum drops to about 2–5 millivolts, as Sym 
bolized by the dashed line through spectrum 30. This means 
that relative to the full amplitude of the high speed data 
Spectrum components, shown as the reference level REF in 
FIG. 2, the amplitude of the Subchannel Spectrum compo 
nents is about 32 dB down for the average transition density 
of 0.6 of 8b/10b encoded data. However, the transition 
density of real gigabit data can vary between 0.3 and 1.0 but 
rarely gets above 0.8. This means that the amplitude of the 
Subchannel Spectral components in the backward compatible 
genus Species is quite Small and variable with the transition 
density variability of the actual high Speed data being Sent. 
Therefore, it is difficult to successfully detect the subchannel 
Signal, and Suppression of noise in the Subchannel carrier 
frequency region and the Subchannel carrier frequency 
which is Selected are important issues. 

Typically, for 8b/10b encoded data at 1.0625 g|Hz, the 3 db 
rolloff point of the Fourier power spectrum, frequency F1 in 
FIG. 2, is at 40-50 mHz, and the upper 3 db rolloff point at 
frequency F2 in FIG. 2 is at 1.0625 g|Hz. With appropriate 
filtering and other techniques at both ends of the channel, the 
two protocols, e.g. Fibre Channel for the high Speed data and 
RS232 for the subchannel, may share the same transmission 
link but operate independently as if the other was not there. 
This has Several advantages. First, the same transmission 
media may be used for both Sets of data, thus reducing 
wiring costs and complications. Second, Since the con 
Straints of multiple connections are removed, a higher level 
of integration may be achieved on the adapter card or inside 
the peripheral. Third, network management operations Such 
as diagnostic data collection and connection management 
may proceed out-of-band without adversely. affecting the 
high Speed data link throughput. 

In 8b/10b encoding, symbols are 10 bits long and are 
encoded using rules that prevent excessively long runs of OS 
or 1's from existing in the String of transmitted Symbols 
thereby negating the possibility of any average DC compo 
nent. Transition density is bounded to be no less than 0.3 and 
1.0 and averages about 0.6 and rarely gets above 0.8. The 
8b/10b encoded symbols are then transmitted in NRZ format 
on the shared media. The, 8b/10b encoding protocol is DC 
balanced and is an example of the type of encoding protocol 
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which results in a spectral power distribution like that shown 
as Spectrum 24 in FIG. 2 with heavily Suppressed energy 
content below about 50 mHz. Since management and con 
trol data typically involves data transfer at a maximum of 
about 200 kilobits/second, the bandwidth from 0 to about 50 
mHz is more than enough to accommodate a Subchannel of 
management and control data Since NRZ modulation Spec 
tral efficiency is about 2 bits/Hertz. Ethernet protocols have 
a maximum speed of 10 megabits/sec (conventional 
Ethernet). Thus, in Some species of Subchannel technology, 
an entire Ethernet channel could be transmitted on the 
Subchannel consuming no more than 10 mHz, although it is 
doubtful this could be accomplished with species within the 
backward compatible genus. In Some embodiments 
therefore, the Subchannel transceivers 26 and 28 can be 
implemented with Standard Ethernet interface circuitry in 
addition to the Subchannel modulation circuitry. 
The management and control data in the System of FIG. 

1 is modulated onto a Subchannel carrier by Separate Sub 
channel transceivers 26 and 28. In the case of transmission 
of management and control data from disk unit 10 to Server 
12, Subchannel transceiver 26 modulates the management 
and control data onto whatever base Signal is being used to 
carry the data over the shared media 20. Subchannel trans 
ceiver 28 receives the base signal and demodulates the 
management and control data therefrom and passes it to the 
management and control process 16. 

FIG. 3 shows a generic block diagram of the type of 
filtering arrangement needed on the transmit Side and 
receive Side to Separate the high Speed data from the 
subchannel data for an 8b/10b encoded high speed data 
Stream for Species within the backward compatible genus. 
On the transmit side, the incoming 8b/10b encoded high 
Speed data is passed Straight through to the media without 
filtering So as to not distort the high Speed data by removing 
any of its lower frequency components. The management 
and control data for the Subchannel is passed through low 
pass filter 13 which blocks substantially all Fourier compo 
nents above the cutoff frequency of the filter from travel in 
either direction and also Smoothes out the Subchannel Signal 
in embodiments where it is digitally generated using a DAC. 
The output of the filter 13 is summed with the high speed 
data Signal by Superposition at a Summing node and trans 
mitted over shared media 20. 
At the receiver, the high Speed data is sent directly to the 

high Speed data receiver without filtering. The Subchannel 
Spectral components 30 are Separated from the combined 
Signal by low pass filter 21, and the filter output is Sent to a 
subchannel receiver via line 23. In FIG. 1, low pass filters 13 
and 21 are also shown, but they each comprise two indi 
vidual low pass filters, one for the media travelling in each 
direction. 

FIG. 4 illustrates the combined signals on the shared 
media where, by Superposition, the Subchannel carrier and 
high Speed data Signals are simply added to each other. FIG. 
5 illustrates another possibility where the subchannel data, 
represented as the low frequency waveform 23 is multiplied 
times the NRZ clocked data 25 to get NRZ high speed data 
which has an amplitude for each bit time which depends 
upon the amplitude of the Subchannel waveform during that 
bit time. The Scheme of FIG. 5 will also work in the 
backward compatible genus Since it is amplitude changes of 
the pulses of the high Speed data which cause the perturba 
tions of the Zero crossing times of the leading and trailing 
edges. The type of modulation illustrated by FIG. 5 is not 
preferred since it causes more distortion on the high Speed 
data train thereby causing interference in the high Speed data 

5 

15 

25 

35 

40 

45 

50 

55 

60 

65 

14 
channel from the Subchannel. However, the modulation 
scheme of FIG. 5 can be particularly useful when there is an 
automatic gain control circuit in the receiver which can then 
double as a demodulator for the Subchannel. 

There are many ways of implementing the Subchannel 
transceivers 26 and 28 including but not limited to AM 
modulation of a Subcarrier, FM or PM modulation of a 
Subcarrier, etc. In addition, the control loop for laser power 
control may be used to implement a Subchannel with careful 
design by altering the laser bias with the Subchannel data to 
cause a form of amplitude modulation of the laser pulses 
which happens after the digital buffer of the media interface 
circuitry in front of the laser. However, these amplitude 
modulation perturbations would be filtered out by the digital 
buffer at the receiver Side again leaving only leading and 
trailing edge perturbations. The diagram of FIG. 1 is 
intended to illustrate all Species of all three genus. 

Referring to FIG. 6, there is shown a block diagram of one 
Species of a Subchannel System wherein copper shared 
media 20 is used and no limiting drivers or digital buffers are 
present to “filter out amplitude changes in the combined 
Signal and a linear Subchannel receiver is used. An example 
of Such a species would be where the combined signal 
generated at the output of a Summing junction 52 was 
launched directly into a compensated or uncompensated 
copper media 20 using a passive GBIC interface (not shown) 
with no digital buffer Stage therein and including only AC 
coupling capacitors. Another example is a copper media 
Species where no GBIC technology is used and the com 
bined signal from the Summing junction is launched directly 
into the copper media through an AC coupling capacitor (not 
shown). AC coupling capacitors would be used in both these 
examples on the receiver Side, but no media interface 
receiver or GBIC technology would be interposed between 
the media and the high Speed data receiver. 

In the embodiment of FIG. 6, a standard prior art high 
Speed data transmitter 41) receives high speed data on bus 42 
and outputs an NRZ waveform of 8b/10b encoded data 
having a data rate of 1.0625 gigabits per Second on line 44 
(the data rate and type of encoding can varies from Species 
to species within the subclass represented by FIG. 6). The 
Subchannel data in the form of an asynchronous binary data 
stream having a low data rate, typically 9600 baud, arrives 
online 46. In the preferred embodiment, the subchannel data 
follows the RS-432 standard and is not DC balanced in that 
it can spend an arbitrary amount of time in the mark State 
before Switching back to the Space State. A Subchannel 
transmitter 48 preferably converts the auxiliary data into a 
frequency-shifitkeyed Subcarrier with a center frequency of 
from about 500 kHz to about 1.5 mHz. This range is not 
exclusive and any frequency for the Subchannel carrier 
giving adequate signal to noise ratio at a Subchannel receiver 
50 will suffice. FSK is not the only form of modulation that 
can be used in the Subchannel transmitter. Any other form of 
modulation Such as amplitude modulation etc. can also be 
used which cause either amplitude, frequency or phase 
variations of the Subchannel carrier in accordance with the 
Subchannel data. This is true Since there are no amplitude 
excursion limiting circuits Such as digital buffers present 
after the Summing junction 52 or before the input 54 of the 
linear subchannel receiver 50 in species of this subclass 
which would limit transfer of the Subchannel information to 
only perturbations of the Zero crossing times of the leading 
and trailing edges of pulses in the high Speed data Signal. 
Preferably, the Subcarrier frequency is 1.152 mHz and the 
FSK is used which shifts this frequency plus 29 kHz for 
logic 1 and minus 29 kHz for logic 0. The voltages of the 
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modulated Subcarrier on line 56 are added to the voltages of 
the high Speed data Signal on line 44 in Summing junction 
52, and the combined Signal is launched directly into shared 
copper media 20 without the need for any media interface. 

FIG. 7 illustrates the combined signal on shared media 20 
resulting from the Superposition at Summing node 52 of the 
modulated Subcarrier and the high Speed data Signal. This 
figure is applicable regardless of what type of modulation 
Scheme is being used in all species using addition of the 
Subcarrier to the high Speed data at a Summing node. 

Because the frequency of the Subcarrier is So much lower 
than the bit rate of the high Speed data, during any pulse 
interval in the NRZ high speed data, the Subcarrier voltage 
appears to the high Speed data as a constant value which 
either increases the amplitude or decreases the amplitude of 
the NRZ pulse. The NRZ high speed data signal on line 44 
is shown as waveform 60. Waveform 62 represents the 
combined NRZ signal on media 20 when the Subcarrier is in 
a positive half cycle. Waveform 64 represents the combined 
NRZ Signal when the Subcarrier is in a negative half cycle. 
Reference Voltage 66 represents the logic decision threshold 
that is used on the receiving end to decode whether the 
Voltage of the combined signal on media 20 is a logic 1 or 
logic 0 during any particular bit time. For copper media, this 
logic decision threshold is usually 0 volts. For fiber optic 
media, it is usually '72 power where the highest amplitude in 
the waveform is defined as full laser power and the lowest 
amplitude in the waveform is defined as 0 laser power. Note 
how the amplitude variations also perturbs the times of 
crossing of the logic decision threshold at both the leading 
and trailing edges of each NRZ transition because of the 
non-zero rise and fall times of these transitions. FIG. 8 
shows the effect of passing the combined signal of FIG. 7 
through a digital buffer. The digital buffer removes the 
amplitude variations and leaves only the perturbations of the 
times of crossing of the logic decision threshold. Waveform 
68 represents the resulting combined waveform during posi 
tive half cycle of the Subcarrier waveform and waveform 72 
represents the resulting combined waveform during a nega 
tive half cycle of the Subcarrier waveform. Waveform 70 is 
the resulting combined waveform when no Subchannel car 
rier voltage is present. It is apparent from FIG. 8 that the 
Subchannel information in cases where limiting digital buff 
erS are present between the Summing junction and the 
Subchannel receiver is passed via only pulse width modu 
lation of the NRZ format high speed data. The pulse width 
modulation of the NRZ signal caused by the Subcarrier 
shown in FIG. 8 appears to the high Speed data receiver as 
jitter. Therefore, it is important to limit the amplitude of the 
Subcarrier injected into Summing junction 52 So as to limit 
the amount of jitter Seen by the high Speed data receiver to 
an amount that is tolerable and which will not cause loSS of 
Synchronization lock by the high Speed data receiver. 

Returning to the consideration of the receiver Side of the 
system of FIG. 6, the combined signal on shared media 20 
is applied directly to the input of a conventional high Speed 
data receiver. Also, the combined signal is applied to the 
input 54 of a linear subchannel receiver 50 through a low 
pass filter 74 which functions to separate the subchannel 
Signal from the high Speed data Signal and prevent the 
high-power, high-speed data Signal from overwhelming the 
subchannel receiver. FIG. 9 shows the relationship between 
the Fourier spectrum 76 of the high speed NRZ data, the 
bandwidth 78 of the link, and the Fourier spectrum 80 of the 
subchannel signal for one gigabit NRZ 8b/10b encoded data 
and a Subchannel carrier frequency of approximately 1 mHz. 
The bandwidth 78 of the link rolls off at some frequency 

15 

25 

35 

40 

45 

50 

55 

60 

65 

16 
above zero because of AC coupling requirements. The 3 dB 
rolloff 82 of the spectrum of the high speed data is at about 
100 mHz, but the energy in the high Speed data spectrum in 
the vicinity of the Subchannel carrier is nonzero. 

In the embodiment of FIG. 6, the amplitude of the 
frequency components in the Subchannel Spectrum 80 must 
be sufficiently high to be detectable over the noise from the 
high Speed data Signal that gets through low pass filter 74, 
but not So high as to cause excessive jitter in the high Speed 
receiver 84. Excessive jitter is defined as enough to cause 
either an unacceptably high bit error rate in the recovered 
high Speed data Stream on line 86 or loss of Synchronization 
by the high Speed data receiver. The amplitude variations 
caused by addition of the Subcarrier Signals directly affect 
the amount of jitter. Thus, the amplitude of the subchannel 
carrier on line 56 must be controlled so as to get sufficient 
amplitude to detect the Subchannel Signal without causing 
excessive jitter. Where the amplitude variations get through 
the link, this is easy Since more Subchannel Signal energy 
gets through the link in the embodiment of FIG. 6 than in 
embodiments were digital buffers are present to remove the 
amplitude variations and leave only pulse width variations. 

Note also, that the Spectrum of the high Speed data varies 
with the pattern of the high Speed data, and, in Species in the 
backward compatible genus where pulse width modulation 
is the only mechanism by which the Subchannel data is 
transmitted across the link, the amplitude of the Subchannel 
components depends upon the transition density of the high 
Speed NRZ Signal which depends upon the actual data being 
sent, but which is bounded to be no lower than 0.3 by the 
8b/10b encoding. More transitions mean more energy of the 
Subohannel Signal gets through the link and translates to 
greater amplitude of the Subchannel Signal at the receiver. 
Therefore, the amplitude of the components in the Subchan 
nel Spectrum 80 also depend upon the encoding Scheme in 
use and the content of the high Speed data Stream and loSS 
on the shared media in addition to the injection amplitude of 
the Subchannel carrier on line 56. 

Because one example of a species in accordance with the 
teachings of FIG. 6 is use of a known passive GBIC, there 
is the possibility that a user may try to use the Subchannel 
technology of FIG. 6 with either a known active GBIC 
adapted for copper media or a known active GBIC adapted 
for fiber optic media. The embodiment of FIG. 6 will work 
in Such situations So long as certain adjustments are made. 
GBICS are media interface devices that accept digital data 
and drive it onto a particular media type and which can be 
plugged into or unplugged from Sockets on the circuit boards 
of the hub or node in which the Subchannel transmitter 
resides. With either active copper GBICs or active fiber 
GBICs, a digital buffer is in the GBIC circuit which will 
eliminate any amplitude variation of the combined signal 
launched into the shared media from the GBIC leaving only 
the pulse width modulation of the NRZ combined signal to 
carry the Subchannel information. In Such a case, the injec 
tion amplitude of the Subcarrier on line 56 must be adjusted 
to inject a little more power. The amount of power injected 
must be enough to force the amplitude of the Subchannel 
components in Spectrum 80 to be high enough to be detected 
over the noise at input 54 in the frequency range of the 
Subcarrier but not So high as to cause excessive jitter. 
To aid in the reception process, the upper corner of the 

low pass filter 74 is set so as to exclude as much low 
frequency energy as possible from the high Speed NRZ data 
Spectrum in the vicinity of the Subcarrier frequency while 
passing the Subcarrier spectral components. The low pass 
filter is designed to have a high input impedance So as to not 
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load down the high Speed signal and distort it at the input to 
the high Speed data receiver. For ci Subcarrier having a 
frequency of 1 mHz, the upper 3 dB corner of the low pass 
filter transfer function is set at approximately 3 mHz. Note 
that no high pass or bandpass filter is put between the shared 
media 20 and the high speed data receiver 84. This is done 
So as to not remove any low frequency components of the 
combined Signal from the input to the high Speed data 
receiver Since removal of these low frequency components 
distorts the high Speed data waveform, and the Subchannel 
Spectral components are not powerful enough to impede 
normal reception in high Speed receiver 84 of the high Speed 
data waveform. 

The low pass filter output 54 is coupled to the subchannel 
receiver which amplifies the Subchannel Signal and demodu 
lates the Subchannel data therefrom. 

This subclass of species represented by FIG. 6 where 
amplitude variations in the combined signal are passed to the 
subchannel receiver 50 is much less susceptible to noise 
interfering with reception of the Subchannel Signal because 
the Voltage of the Subchannel Fourier components are much 
higher than in the Species wherein digital buffers are present 
to eliminate the amplitude variations and leave only pulse 
width modulation of the high Speed data to carry the 
Subchannel information. This species is not dependent upon 
a bounded transition density because the amplitude varia 
tions in the combined signal reach the linear Subchannel 
receiver. 

The Species within the backward compatible genus where 
digital buffers in media interface transceivers exist are 
represented by FIG. 10 for the copper media case and FIG. 
11 for the fiber optic media case. Most transceivers for fiber 
optic media include digital buffers. These two species rep 
resent subclasses which include the active copper GBIC and 
active fiber GBIC species mentioned above as well as other 
species which are “hardwired” for only copper or only fiber, 
i.e., where GBIC technology is not used. An example of a 
non GBIC species is where the electrical to optical converter 
media interface circuits 92 and 94 are fixed optical trans 
ceiver modules. An example of a non GBIC Species where 
the Shared media is copper is where fixed copper-media 
DB-9 connectors are used with digital output and input 
buffers. In all these species where active media interfaces 
with digital buffers exist between the Summing junction 52 
and the input to the subchannel receiver 50, the amplitude of 
the Subchannel carrier Signal injected into Summing junction 
52 will have to be adjusted to get sufficient subchannel 
signal at the subchannel receiver 50 to be detected over the 
noise but not So much amplitude as to cause excessive jitter 
in the high Speed data receiver 84. A typical target for what 
is too much jitter is Substantially more than 15 picoSeconds 
although, for example, 25 picoSeconds jitter may not cause 
unacceptably high bit error rates in the high Speed data 
recovery process. The criteria for too much jitter really 
depends upon how much jitter causes either loSS of Synchro 
nization or unacceptably high bit error rates in the high 
Speed data recovery process. 

Note that Since no changes or additions need to be made 
to the Standard high Speed transmitter 40 or the high Speed 
data receiver 84 or to the media interface circuits 92, 94, 96 
or 98 in order to carry out the subchannel transmission and 
Since these high Speed data link components still work the 
way they always worked in the prior art and are unaffected 
by the presence of the Subchannel Signal, all the Species 
represented by FIGS. 6, 10 and 11 and the specific FSK/ 
PWM based embodiments to be described below all fall 
within the first backward compatible genus. Subchannel data 
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in all these species can be recovered by the same type 
subchannel receiver 50 and low pass filter 74 as discussed 
above for the FIG. 6 embodiment. The only real difference 
between the Subclasses of preferred embodiments repre 
sented by FIGS. 10 and 11 and the subclass of embodiments 
represented by FIG. 6 are that the combined signal input to 
the low pass filter 74 in the embodiments of FIGS. 10 and 
11 carries the subchannel information solely in the form of 
PWM of the high speed data signal. The subchannel fre 
quency spectrum is still present in the Spectrum of the 
combined signal but at a much lower amplitude, i.e., at an 
amplitude represented generally by dashed line 100 in FIG. 
2. AS noted above, this Substantially reduced amplitude is 
proportional to the amount of pulse width modulation (a 
function of the amplitude of the injected Subchannel carrier) 
and to the transition density of the high Speed data and is 
about 32 dB down from the full power level of the high 
Speed data assuming 8b/10b encoding with an average 
transition density of 0.6. The dynamic range requirement on 
the subchannel receiver 50 depends upon whether it is to be 
used in a species within the subclass of FIG. 6 in addition to 
being used in Species within the Subclasses represented by 
FIGS. 10 and 11. If only species within Subclasses of FIGS. 
10 and 11 are to be used, the dynamic range requirement of 
receiver 50 can be much less, and it can be designed 
Specifically to be narrow band and able to detect signals that 
are 32 dB down from the high speed data amplitude levels. 

Referring to FIG. 12, there is shown a specific embodi 
ment of a Species of Subchannel transmitter within the 
backward compatible genus in the form of an FSK trans 
mitter using direct digital Synthesis. Of course, the Species of 
FIG. 12 falls within the subclass represented by FIG. 6 if the 
media interface device does not have any digital buffer 
therein and there are no digital buffers downstream in front 
of the input of the Subchannel receiver. In this case, the a 
numerically controlled, digital synthesis FSK modulated 
carrier generation chip 49 is used to generate FSK modu 
lated Subchannel carrier digital Samples. This chip is avail 
able from Harris Semiconductor as the HSP45102. This chip 
uses a phase accumulator to generate a Sawtooth pattern of 
phase numbers online 106 which are used to address a sin(x) 
lookup table in ROM 108. The result is a stream of 8 bit 
digital numbers representing amplitude levels on a sin(x) 
waveform having the frequency of the Subchannel carrier on 
line 110. The center frequency selected for the subchannel 
carrier can be varied, but higher frequencies have more 
jamming problems from Spectral components in the high 
Speed data, and very low frequencies do not propagate well 
through the media. The Subchannel carrier frequency has 
been tried as low as 500 kHz, but this frequency did not 
work well in Some cases because of noise in this frequency 
range caused by certain media receivers. 
The numbers output from the ROM 108 are converted to 

an analog signal by a Video speed digital-to-analog converter 
112 with differential outputs 114. Frequency shift keying is 
accomplished using two registers each of which Stores a 
different phase incrementation constant. Register 116 Stores 
the mark phase incrementation number and register 118 
Stores the Space phase incrementation number. These two 
registers have their outputs coupled to two different inputs of 
a multiplexer 120 which has its output coupled to one input 
of an accumulator 124. The other input 126 of the accumu 
lator is coupled to the output of a register 128 which stores 
the current phase value. The Switch control input 130 of the 
multiplexer 120 is coupled to a source of the subchannel data 
Such that the logic State of the Subchannel data controls 
whether the mark Value or space value is added to the value 
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on line 126 during any particular clock cycle. The register 
128 loads the sum generated by the accumulator on line 132 
on each new cycle of a 11 mHz clock on line 134. The values 
of the mark and Space constants are Set Such that the 
resulting frequency output by the DAC 112 is a subchannel 
carrier having a center frequency of approximately 1.152 
mHz which shifts plus 29 kHz for a logic 1 on line 46 and 
minus 29 kHz for a logic 0 on line 46. 
The circuit of FIG. 12 represents one type of injection 

network used to add the Subcarrier to the high Speed data for 
the case of an optical media driven by a GBIC optical media 
transceiver 102. In other species with different media and 
media interface types, the Specifics of the injection network 
impedances, and whether or not differential injection is used 
are different. The differences principally depend upon the 
type of media in use and the type of media interface circuit 
that is in use. The reason for these variations is that copper 
media has different loSS characteristics for the high Speed 
data than fiber media, and different media interface circuits 
have different noise generation properties and Some remove 
the amplitude variations and Some do not. 

Thus, to get an adequate amount of amplitude in the 
Subchannel components at the receiver So as to be detectable 
with an acceptable bit error rate without causing excessive 
jitter in the high Speed data receiver requires adjustments in 
the amplitude and frequency of the injected Signal at the 
transmit Side. These adjustments depend upon the factors 
defined above. For example, it was discovered when the 
fixed optical 1.x9 transceiver module was first used to 
interface the transmitter to a fiber optic media with a 
Subcarrier frequency of 500 kHz that the system did not 
work. This was because of noise generated by the optical 
transceiver in the 750 kHz range. The solution to this 
problem that enabled Successful Subchannel transmission on 
fiber optic media for the first time was to raise the subchan 
nel frequency to 1.152 mHz and filter the power supply 
Voltage better to cut down the amount of noise generated by 
the optical transceiver. Certain types of optical transceivers 
such as the fixed optical 1.x9 media driver first tested in May 
of 1997 with a subchannel carrier of 0.5 mHz were discov 
ered to be very Sensitive to power Supply noise, and the 
system did not work. By July of 1997, it was discovered that 
moving the Subchannel carrier frequency to about 1 mHz 
and filtering the power Supply better gave adequate noise 
margins for Successful transmission of Subchannel data. 

Another example of the type of adjustments that need to 
be made on the transmitter Side to enable Successful trans 
mission of Subchannel data arises from the differences in 
propagation of the high Speed data on copper Versus fiber. 
Copper media has skin effect andi leakage losses that 
increase with increasing frequency as is well known to those 
familiar with the transmission line art. Fiber optic media has 
neither of these two phenomenon. TIRe gigabit high Speed 
data has many very high frequency components in its 
Fourier spectrum. These high frequency components Suffer 
more losses than the much lower frequency components of 
the Subchannel data as the two sets of Fourier components 
propagate down a long copper shared media 20. AS a result 
of the losses that occur in copper media, consider the 
following. ASSume that at the beginning of a 30 meter 
copper media, there is launched a high Speed data Signal 
with transitions with a 150 picosecond rise time with a 
Subcarrier injection amplitude equal to about /10 the peak 
to-peak amplitude Swings of the high Speed data NRZ 
waveform. This level of injection would cause a jitter of 
about 15 picoSeconds if the high Speed receiver were very 
close to the launch point. However, the losses in the 30 meter 
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span of copper media will cause a loSS of peak-to-peak 
amplitude of the high speed data NRZ signal and will flatten 
out the leading and trailing edge transitions to increase the 
rise and fall times to, for example, 300 picoSeconds. 
However, the low frequency components of the Subchannel 
do not Suffer losses nearly as great over the 30 meter Span. 
AS a result, the Subchannel Signal at the high Speed receiver 
end will still have an amplitude which is /10 the peak-to 
peak amplitude of the high Speed data as it existed at the 
transmitter end. The addition at the receiver end of the 
Subchannel Signal and the high Speed data will cause Sub 
Stantially more jitter because of the flatter rise and falltimes 
arid lower peak-to-peak amplitudes in the high Speed data at 
the receiver end. AS much as 50 picoSeconds of jitter might 
be experienced by the high Speed receiver in this situation, 
and this is an excessive amount in that it is more than the 
Subchannel receiver needs to detect the Subchannel Signal 
and it can cause bit errors in the high Speed data Stream. 
Thus, an important adjustment for the long copper media 
case is to reduce the amplitude of the injected Subchannel 
Signal to reduce the amount of jitter caused at the high Speed 
data receiver. Also, in Systems using GBIC technology for 
field replacement and Switchover between copper and fiber 
optic media, the Subchannel transmitter includes a variable 
attenuator which has at least two different attenuation Set 
tings. One of these attenuation Settings is used for copper 
media and the other for fiber media. 

In the subchannel transmitter system shown in FIG. 12 the 
amplitude of the injected Subchannel Signal is controlled by 
the ratio between the resistors R1 and R3 and the ratio 
between resistors R2 and R4. The specific impedance values 
are selected for optical media 20 and a GBIC optical 
transceiver 102 which has a digital buffer and is internally 
terminated on both lines with 75 ohm resistors. R1 and R2 
are approximately 2000 ohms each, and R3 and R4 are 
approximately 47 ohms each. The peak-to-peak voltage 
Swing on each of lines 140 and 142 is approximately 4.5 
Volts. CapacitorS C1 and C2 shunt high frequency compo 
nents from the high Speed data Signal to ground to help keep 
them out of the output of the DAC. Typically these capaci 
tors are on the order of 47 picofarads, and are used in all the 
injections Schemes. AC coupling capacitors in Series in both 
the Subchannel and high Speed data lines and biasing resis 
tors coupled to. lines 171 and 173 to supply bias voltage for 
the output Stage of the high Speed data transmitter 40 are not 
shown. Nodes 51A and 51B comprise the Summing junction. 

FIG. 13 shows an embodiment of a subchannel injection 
mechanism with a variable attenuator for use with GBIC 
media interfaces and including a variable attenuator So that 
the same Subchannel transmitter may be used with either 
copper or fiber optic media without causing excessive jitter 
Simply by changing a Switch position. GBIC media drivers 
exist for both copper and fiber optic media So that the 
subchannel transmitter species shown in FIG. 13 can be used 
with either fiber or copper media. With GBIC media driver 
technology, the replacement of the media does not require 
return of the unit to the manufacturer for modification-the 
technician merely needs to plug in a GBIC driver adapted for 
the new media and Set Switch 172 appropriately. The design 
of the subchannel transmitter of FIG. 13 is adapted Such that 
the amplitude of the injected Subcarrier Signal can be easily 
adjusted for either copper or fiber media to prevent exces 
Sive jitter in the high Speed data receiver through appropriate 
manipulation of Switch 172. Subchannel data arrives on line 
46 at the input of FSK subchannel transmitter 48 which uses 
the data to generated a frequency shift keyed Subcarrier at a 
frequency of 1.152 mHz center frequency. Differential out 
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puts of the FSK transmitter on lines 160 and 162 are applied 
to a differential, emitter-coupled, analog Voltage amplifier 
164 with an output impedance of 390 ohms. The only reason 
this amplifier 164 is present is to boost the peak-to-peak 
amplitude Swings on each of the differential output lines to 
4.5 volts from the 2 volt peak-to-peak Swing that is output 
on lines 160 and 162 from the FSK transmitter So as to 
obviate the need to redesign the FSK transmitter while still 
getting the necessary drive amplitude. In other embodiments 
where an FSK transmitter with at least a 4.5 Swing on each 
differential output is used, amplifier 164 can be eliminated. 
Differential outputs from the emitter follower on lines 166 
and 168 are coupled to differential inputs of a port selection 
Switch 170. This Switch 170 is present because the subchan 
nel transmitter is usually implemented in a high Speed data 
hub with many ports coupled to drop lines which are 
connected to various pieces of equipment in the network. 
The management and control process 16 in FIG. 1 needs to 
be able to communicate bidirectionally with each of the 
nodes on the network to manage the network. Since man 
agement and control data does not have to be sent to or 
gathered from all nodes Simultaneously, it is leSS expensive 
to include only one Subchannel transmitter in the hub and 
have the management and control process control Switch 
170 in accordance with which piece of equipment to which 
a management and control packet is to be transmitted. 

Variable attenuation is achieved through use of Switch 172 
and a 390 ohm resistor 174 which matches the 390 ohm 
output impedance of the analog amplifier . The Series 
combination of Switch 172 and resistor 174 are coupled 
across lines 166 and 168. The peak-to-peak amplitude Swing 
of the Subcarrier signal for each of the differential outputs of 
the emitter follower 164 is about 4.5 volts, and when Switch 
172, this Voltage amplitude is unaffected and is passed 
through the port selection Switch 170 to the summing 
junction 51. The ratio of resistor R1 to R4 and the ratio of 
resistor R2 to R3 establish the amount of injected Subcarrier 
power into Summing node 51. Resistors R3 and R4 in FIG. 
13 are approximately 47 ohms each and function to reduce 
excessive voltage Swing. Resistors R1 and R2 in FIG. 13 are 
approximately 2K each. External bias Voltage is applied to 
the output terminals of the output Stage of the high Speed 
data transmitter through 100 ohm resistors 175 and 177. 
Shunt capacitors Cl and C2 having values of approximately 
150 picofarads each shunt high Speed data Signals to ground 
thereby preventing upstream propagation of these signals 
into the output of the FSK transmitter. Biasing resistors 
coupled to lines 176 and 178 to supply bias voltage to high 
speed transmitter output stage 180 are not shown. The 
Summing junction nodes 51A and 51B are coupled through 
0.01 microfarad AC coupling capacitors 182 and 184 to 
differential inputs of a digital buffer 186 in GBIC transceiver 
188. The two lines 176 and 178 carrying the combined one 
gigabit NRZ signal are terminated inside the GBIC driver by 
75 ohm resistors R5 and R6 to prevent reflections. 
When the GBIC 188 is of the type for coupling to fiber 

optic media, switch 172 is left open. When the GBIC 188 is 
of the type for coupling to copper media, Switch 172 is 
closed, and this causes the peak-to-peak voltage Swing on 
lines 166 and 168 to be reduced to levels Suitable to cause 
the right amount of injected Subcarrier power to create a 
detectable Subchannel Signal at the Subchannel receiver but 
not cause excessive jitter at the high Speed data receiver. The 
copper media GBIC is a passive device which simply 
includes an AC coupling capacitor in each differential line 
and no digital buffer. When the passive copper GBIC is used, 
the combined signal injected into the media is the Summed 
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signal shown in FIG. 7 and not the pure PWM signal shown 
in FIG. 8 because of the absence of a digital buffer in the 
passive copper GBIC. Because the presence of Subchannel 
injection levels appropriate for an active optical media 
GBIC would cause excessive jitter in the high Speed data 
receiver, the two position attenuator comprised of Switch 
172 and resistor 174 are used to reduce the amplitude of the 
injected Subchannel Signal when a passive copper GBIC is 

SC. 

The special differential feed design for the subchannel 
species shown in FIG. 13 is made necessary by the fact that 
the GBIC 188 includes internal termination resistorS R5 and 
R6. These internal termination resistors in parallel with the 
output impedance of the high Speed data transmitter cause 
the Summing junction nodes 51A and 51B to have a low 
impedance even at the frequency of the Subchannel carrier. 
This means that much more Subchannel injection current 
must be Supplied to the Summing junction to get adequate 
Subchannel Voltage at the Summing junction (approximately 
30 millivolts peak-to-peak is needed there). This higher 
injection current is achieved by: (1) increasing the peak-to 
peak amplitude of the Subchannel carrier Signal on each 
differential line 166 and 168 to 4.5 volts peak-to-peak; (2) 
reducing the values of the injection resistors 161 and 163 to 
2K; and (3) injecting both sides of the differential high speed 
data line. The last feature necessitates the use of differential 
circuitry for the Subchannel System. 

Referring to FIG. 14, there is shown a species in the 
backward compatible genus of a Subchannel transmitter 
injection network for use with fiber optic media and a fixed 
optical 1x9 media transceiver. In this species, the FSK 
Subchannel transmitter 48 generates a Single ended Subcar 
rier signal having a 2 volt peak to peak amplitude on line 
190. This signal is injected into Summing junction 51 
through a 6.8 Kohm resistor 192. 

Capacitor C1 having a value of approximately 47 pico 
farads shunts any high Speed data Signals to ground to keep 
them from entering the output of the FSK subchannel 
transmitter. The high speed data signal on lines 194 and 196 
is coupled through AC coupling capacitors to differential 
inputs of a fixed optical 1.x9 media transceiver 202 which 
includes a digital buffer 204. The high speed signal lines 194 
and 196 are coupled to a bias voltage source via 47 ohm 
resistors 198 and 200 which also serve to help terminate the 
high speed data lines 194 and 196 in their characteristic 
impedance. High speed data lines 194 and 196 also include 
series 47 ohmresistors 199 and 201 and series AC coupling 
capacitors 203 and 205. Capacitor 205 has capacitance of 
150 picofarads. Capacitor 203 has capacitance of 0.01 
microfarads. The fixed optical 1.x9 media driver 202 is not 
internally biased So bias Voltage is Supplied to the inputs of 
the digital buffer 204 through 1.6 K resistors 206 and 208. 
Note that the subchannel carrier injection is downstream of 
the high Speed data Signal output and upstream of the media 
driver, So again, the only way the Subchannel Signal gets 
expressed in the combined high Speed NRZSignal on shared 
media 20 is through pulse width modulation or perturbation 
of the reference voltage crossing times of the NRZ transi 
tions. The function and design considerations for capacitors 
203, 205 and 193 and resistor 192 are the same as for 
corresponding capacitors 228, 230, 218 and resistor 216 in 
the copper media case shown in FIG. 15. These components 
function basically to block the Subchannel Signal from 
propagating upstream into the high Speed data output and to 
make the Summing node 51 have a high input impedance at 
the Subchannel carrier frequency So that a high value resistor 
can be used to inject the Subchannel Signal. This high value 
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resistor plus the shunt capacitor 193 to ground (which has a 
low impedance at the high speed data frequency) helps 
prevent the high Speed data Signal from propagating into the 
output of the Subchannel transmitter. 

FIG. 15 shows a subchannel transmitter injection network 
for use with copper media and a fixed midia driver integrated 
circuit. A numerically controlled Oscillator 49 generates a 
Stream of digital data on buS 210 that represent digital 
“samples” (they are generated by a table lookup) of an FSK 
modulated Sine wave of approximately 1 mHz center fre 
quency. Video speed digital to analog converter 212 converts 
the data on bus 210 to an analog FSK modulated Subcarrier 
of approximately 2 volts peak-to-peak amplitude and 1 mHz 
center frequency on line . Resistor R7 and capacitor C3 act 
as a low pass filter to shunt high Speed data components to 
ground and to Smooth out the DAC output signal. The low 
pass filters in all the Subchannel transmitters of the preferred 
Species prevent the edges of the high Speed data from 
jumping drastically from one reference Voltage crossing 
time to another So that the transitions are made Smoothly. 
This aids the high Speed receiver in maintaining Synchro 
nization lock. However, if high Speed receivers are in use 
which will not lose lock when the edges jump, the low pass 
filters at the output of the DACs can be eliminated. This 
Signal is coupled through AC coupling capacitor C4 to the 
input of a port selection Switch 170 where it is Switched onto 
whatever port output line is Selected by the Subchannel 
management and control process. The Subchannel carrier 
Signal is coupled to Summing junction 51 through an 1.6 
Kohm (hereafter just K) resistor 216, and high speed data 
components are shunted to ground through 47 picofarad 
capacitor 218. The high Speed data Signals on lines 220 and 
222 are coupled through AC coupling capacitors 228 and 
230 to the inputs of Vitesse 7120 fixed copper media 
interface driver 232. Capacitor 230 has a capacitance of 150 
picofarads and capacitor 228 has a capacitance of 0.001 
microfarads. The relatively low value of capacitor 230 
which, because of the frequency of the Subchannel Signal, 
isolates the Summing node from the low output impedance 
of the gigabit data Signal Source. This causes the Summing 
node 51 to have a relative high impedance at the Subchannel 
frequency So that the injection can be done with a relatively 
high value resistor which helps Suppress transmission of the 
gigabit data Signal into the output of the Subchannel ampli 
fier. The 47 pf capacitor 218 also helps shunt the high speed 
data Signal to ground to help prevent its propagation 
upstream into the Subchannel transmitter output. 

The media interface driver includes two internal digital 
buffers and 6.8 K biasing resistors. The differential outputs 
of the output digital buffer in fixed media interface 232 are 
each coupled to ground through a voltage divider. Output 
line 233 is coupled to ground through 47 ohmresistor 226 
and 100 ohm resistor 227. Output line 235 is coupled to 
ground through 47 ohmresistor 224 and 100 ohm resistor 
225. These two voltage dividers define two output nodes 237 
and 239 where the voltage Swing on each of output lines 233 
and 235 are divided down to lesser values. Output node 239 
is coupled to a DB-9 connector terminal through AC cou 
pling capacitor 241 having a value of 0.01 microfarads. 
Output node 237 is coupled to another terminal of the DB-9 
via capacitor 243 also having a capacitance of 0.01 micro 
farads. The DB-9 can be connected to copper media or an 
external optical adapter. Two 75 ohm resistors 234 and 236 
coupled to lines 220 and 222 Supply bias voltage to the 
outputs of a differential amplifier output Stage integrated 
circuit in high Speed data transmitter 40 and terminate the 
high Speed data lines in their characteristic impedance. In 
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this embodiment, the Subchannel Signal is injected at the 
serial input of the media interface driver 232 Such that the 
Summing node 51 is isolated from the copper media 20 by 
the digital buffers inside the media interface driver 232 
thereby causing the Subchannel Signal to be expressed on the 
media solely in the form of a pulse width modulated NRZ 
high Speed data Signal. 

FIG. 16 is a diagram of a less expensive frequency shifted 
keyed Subcarrier transmitter. A four bit binary counter 
counts clock pulses of a clock Signal on line 238 and outputs 
the count on bus 242 which is coupled to one input of a 
digital adder 244. The clock signal on bus 238 is 16 times the 
frequency of a desired center frequency F for the Subchan 
nel carrier. A four bit up/down counter has its output coupled 
via bus 248 to the other input of digital adder 244. The count 
input of the up/down counter is coupled to a clock via line 
250 which has a frequency which is equal to the 16 times the 
amount of deviation in frequency desired for the mark and 
Space frequencies from the center frequency of the Subchan 
nel. The up/down control input of the up/down counter is 
coupled to receive the subchannel data via line 46. The 
output of the digital adder 244 is a stream of phase numbers 
which are coupled to the address input of a sin(x) ROM 252 
that Stores the corresponding amplitude values of a Sine 
wave for each phase value in a storage location correspond 
ing to each phase value. The output amplitude numbers from 
the ROM are input to video speed DAC 254 for conversion 
to an analog signal which is Smoothed out by low pass filter 
256. Typical clock rates are F=120 times the bit rate of the 
Subchannel data, F, and F=3 times F. A typical value for 
F, is 9.6 kHz. The deviation F is actually more than is 
needed for this bit rate F, so higher bit rates for the 
Subchannel data can be Supported. Conversely, a Smaller 
deviation may be Selected, and this improves the Signal-to 
noise ratio in the receiver because a narrower bandpass filter 
bandwidth may be selected. With the current deviation, the 
mark and Space frequencies are about 60 kHz apart and this 
requires a bandpass filter in the receiver with a bandwidth 
which is large enough to pass both frequencies. With cur 
rently available filter chips, a 100 mHz bandwidth filter is 
the closest choice available, and this causes exceSS noise to 
be let into the frequency demodulation part of the receiver. 
If a custom bandpass filter is built, a smaller bandwidth can 
be designed in, and this problem is mitigated. However, it is 
cheaper and easier to buy a filter chip, and Since the 
deviation is more than is needed for detectability, a Smaller 
deviation can be chosen to give adequate detectability while 
allowing a bandpass filter which is commercially available 
with a smaller bandwidth to be selected. 

In operation, the transmitter of FIG. 16 generates 16 
amplitude values at the input of DAC 254 for every 16 ticks 
of the clock on line 238 absent the effect of the Subchannel 
data. When the Subchannel data is a logic 1, the up/down 
counter counts up at the rate of F, and these numbers are 
added to the numbers on line 242 thereby causing digital 
adder 244 to reach the maximum number that can be 
expressed in 4 bits sooner and roll over to 0000. The roll 
over to 0000 marks the end of one cycle. This shortens the 
period thereby raising the frequency F by the value F, i.e., 
the mark frequency. When the Subchannel data is logic 0, the 
up/down counter counts down from Zero at the rate of F and 
these negative numbers, when added to the numbers on bus 
242 cause the digital adder to reach it maximum and roll 
over to 0000 slower than otherwise would be the case if the 
up/down counter was inoperative. This lowers the frequency 
of the Sine wave generated by the DAC to the Space 
frequency. 
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It is possible to further simplify the transmitter of FIG. 16 
by eliminating the DAC and sin(x) ROM and use only the 
low pass filter 256 fed by the most significant bit on bus 251. 
If the up/down counter 246 is not operating, the MSB will 
be at logic 1 for 8 ticks of the clock on line 238 and logic 
Zero for the next 8 ticks thereby establishing a Square wave 
at the frequency F. If the Subchannel data is logic 1 and the 
up/down counter is working, the MSB will be advanced in 
phase by one tick of the clock on line 238 every 40 ticks 
thereof. In other words, the mark frequency will be gener 
ated as F=41/40 F. Likewise, if the subchannel data is 
logic 0, the MSB will be retarded in phase by one tick of the 
clock on line 238 every 40 ticks thereof to generate a Square 
wave having the space frequency of F=39/40*F. The 
problem with this Square wave Subchannel carrier frequency 
generation proceSS is that the Fourier Spectrum of a normal 
Square wave with a regular period contains only odd har 
monics of the fundamental F, while the perturbed period 
Square waves at the mark and Space frequencies all have 
Spurious frequency components which are an additional 
Source of noise to the Subchannel receiver. 

An even simpler form of FSK subchannel transmitter is 
shown in FIG. 17. In this embodiment, a dual modulus 
divider circuit 260 is used to divide the clock signal on line 
262 by a divisor of either 41 or 39 depending upon whether 
the Subchannel data on line 46 is a logic 1 or logic 0 and a 
mark or Space frequency is to be generated. The clock signal 
or line 262 has a frequency which is twice the lowest 
common multiple of the deviation frequency F. The clock 
frequency on line 262 is 2*41*39*F. The output of the dual 
modulus divider on bus 264 is divided by 2 by circuit 266 
and the resulting square wave represented by the MSB on 
line 267 is filtered by a low pass filter 268. The advantage 
of the embodiment of FIG. 17 is that it does not generate any 
spurious noise. The embodiment of FIG. 17 may be further 
simplified by eliminating the divide by two circuit 266 and 
reducing the frequency of the clock on line 262 to 41*39*F. 

Referring to FIG. 18, there is shown a block diagram of 
the subchannel receiver. The FSK discriminating subchannel 
receiver 280 shown in FIG. 18 can take its input directly 
from the shared media 20 if it is copper or from the output 
of an optical-to-electrical converter 282 as shown. In the 
preferred Species, Subchannel receiver 280 is a commer 
cially available MC3356 chip from Motorola. A low pass 
filter comprised of resistors 284 and 286 and capacitors 288 
and 290 functions to block the powerful high frequency 
components in the high Speed data Spectrum from over 
whelming a bandpass filter 292 within the receiver. This low 
pass filter is important to Successful reception Since the 
Subchannel Signal in the preferred Species which rely Solely 
on pulse width modulation to get the Subcarrier information 
through digital buffers on the link is very weak. Typically, 
depending upon transition density, it is 32 dB down from the 
amplitude of the high Speed data Signals. It is however 
Strong at its frequency relative to the low frequency com 
ponent of the high Speed data spectrum in the vicinity of the 
subchannel carrier. Roloff of the low pass filter is set to be 
approximately 3 mHz. The high input impedance of the low 
pass filter at the gigabit data frequency also prevents the 
gigabit Signal from being loaded down by the presence of the 
low pass filter. The gigabit data lines are coupled directly to 
the inputs of the high Speed data receiver without any 
filtering. 

The high speed data signal is AC coupled onto lines 283 
and 285 by GBIC media interface 282 through internal AC 
coupling capacitors. Lines 283 and 285 are terminated by 
two 75 ohm resistors 287 and 289 at the input to the high 
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speed data receiver 84. A capacitor 291 from the center tap 
of the two resistors 287 and 285 functions to help provide 
common mode termination. 

A differential amplifier 294 provides amplification of the 
Subchannel Signal and rejection of common mode noise in 
addition to differential-to-Single-ended conversion. In the 
preferred embodiment, a port Select Switch (not shown) 
having one of a plurality of inputs coupled to the output of 
Said amplifier 294 and having an output coupled to the input 
of the FSK receiver 280 is used so that the FSK receiver can 
be shared between multiple ports in a hub. Each input of the 
port Select Switch would be connected to receive the com 
bined signal from one of the ports of the hub, and the 
management and control process would control Switching by 
Said port Select Switch. 
A local oscillator 296 and mixer 298 combine to shift the 

frequency of the Subchannel carrier up to an IF frequency of 
10.7 mHz. The local oscillator 296 generates a local oscil 
lator signal of 9.55 mHz at one input of mixer 298. The 
mixer generates Sum and difference frequencies at 10.7 and 
8.4 mHz. The sum frequency is selected as the IF frequency 
because components are more readily available. The local 
oscillator can be a phase lock loop (external to the chip) or 
a crystal can be connected to appropriate inputs of the chip 
to Set the local oscillator frequency. 
The mixer output is passed through ceramic bandpass 

filter 292 which has a center frequency at 10.7 mHz and a 
100 kHz bandwidth. This is the lowest bandwidth that is 
available for this frequency range and is larger than is 
necessary for the 60 kHZ Spread between the mark and Space 
frequencies So a custom narrower bandwidth bandpass filter 
would be more desirable. 
The output of the bandpass filter is applied to the input of 

a limiting amplifier 300. The function of the limiting ampli 
fier is to tame the large Voltage variations that can result at 
the output of the bandpass filter such that the output of the 
limiting amplifier is approximately the same Voltage all the 
time despite the fact that the input voltage can vary by a 
factor of 100. 
The output of the limiting amplifier is coupled to the input 

of a quadrature detectcr 302 which functions to convert the 
FSK frequency shifts between mark and Space frequencies 
to Voltage variations on line 304. The resulting Signal on line 
304 is a baseband data waveform plus a component at twice 
the IF frequency and a DC offset sensitive to quad-coil 
tuning and drift over time. AS is known to those skilled in the 
art, the quadrature detector uses a tuned circuit comprised of 
an inductor, capacitor and resistor in parallel which couples 
one input of a mixer in the quadrature detector to ground. 
This RLC circuit has a frequency response at resonance like 
that shown in FIG. 19. The result is that when a mark 
frequency enters the detector a first output Voltage is gen 
erated on line 304, and when a Space frequency enters, a 
different output voltage is generated on line 304. 
The baseband signal on line 304 is passed through a low 

pass filter to Smooth it and to block the component at twice 
the IF frequency, and is then coupled to the input of a data 
threshold circuit 308. The function of the data threshold 
circuit 308 is to regenerate the original Subchannel digital 
data Signal that entered the transmitter on line 46 by con 
verting the voltage changes on line 307 to logic 1 and 0 
levels on line 310. Quad coil drift may cause a varying DC 
offset to be present in the signal on line 307 that needs to be 
taken into account when discriminating between logic 1 and 
logic 0 voltage levels on line 307. This DC offset is 
eliminated by using an adaptive threshold reference Voltage 
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for a comparator which is used to discriminate between the 
mark and Space Voltages. The Subchannel data is not CID 
balanced, so the average voltage of line 307 cannot be used 
as the discrimination threshold. The data threshold circuit is 
comprised of a comparator with its reference Voltage input 
coupled to the output node of a peak detector. The reference 
Voltage output by the peak detector is the peak Voltage, 
corresponding to logic 1, minus a constant equal to half the 
normal voltage Swing on line 307. The sets the reference 
Voltage approximately halfway between the mark and Space 
Voltages. 

Referring to FIG. 20 there is shown an alternative 
embodiment of a subchannel receiver which is useful in a 
proprietary link where access to the internal circuitry of the 
And high Speed data receiver is possible. In this 
embodiment, the Subchannel tap is taken after the digitally 
buffered input stage 312 of the high Speed data receiver. A 
pair of lines 314 and 316 carry the combined differential 
signal to differential amplifier 294 for common mode rejec 
tion and conversion to Singled ended operation. The output 
of amplifier 294 is passed through an RC low pass filter 
comprised of resistor and capacitor 320. Amplifier 322 
couples the filtered signal to the input of the FSK receiver 
280. The advantage of this embodiment is that the gigabit 
data path is not connected to any Subchannel circuitry So no 
parasitics from Subchannel circuitry can load down or distort 
the high Speed data. Further, the function of common mode 
rejection and conversion to Single-ended operation is now 
done on the high Speed receiver chip and does not have to 
be performed by external components thereby reducing the 
cost of the receiver. 

OTHER ALTERNATIVE EMBODIMENTS 

FIG. 21 shows an alternative embodiment using modula 
tion of the phase or frequency of the high Speed data clock 
using the Subchannel data. This species is in a Subclass of 
clock modulation Species within the proprietary link genus 
Since it requires access to the high Speed transmitter circuitry 
So as to modulate the high Speed data clock before it is used 
to Synchronize the high Speed data to the bit times defined 
by the high Speed clock. The characteristics of this Subclass 
of clock modulation Species are: either frequency or phase 
modulation of the high Speed data clock with the Subchannel 
data is used; either RZ or NRZ format high speed data can 
be sent; there is no need for a DC balanced encoding 
Scheme, but the high Speed data does need to be encoded in 
Such a way that the clock can be recovered from the high 
Speed data bitstream. 

In this embodiment, a high speed data clock 570 generates 
a constant phase clock signal on line 572. A Clock Modu 
lation Unit (CMU) 574 receives the constant phase clock 
signal on line 572 and receives the subchannel data on line 
576. The CMU alters the phase or frequency of the clock 
Signal in accordance with the Subchannel data. These alter 
ations are Small enough in phase or frequency So as to 
prevent the phase locked loop in the clock recovery unit of 
the high Speed data receiver from losing lock. 

The resulting modulated clock signal is coupled via line 
580 to the clock input of a flip flop 582. This flip flop 
receives at its data input via line 584 the encoded RZ or NRZ 
format high speed data bitstream from a FIFO buffer 585. 
The FIFO buffer is used because the clock rate of bit clock 
570 normally matches the rate of generation of bits of the 
high Speed data Stream, but when the clock rate is 
modulated, there is slippage between the two rates. The 
FIFO functions to “take up the slack” when necessary. The 
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FIFO presents data on line 587 in the order received such 
that the data is clocked into the data input port of flip flop 
582 at the rate of the modulated bit clock on line 580 So as 
to be resynchronized with the bit clock on line 580 and then 
is presented on line 586. Because a sustained difference in 
the clock rate of clock 570 and the rate of generation of the 
high Speed data bits would result in overflow or complete 
emptying of the FIFO, the subchannel data on line 576 is 
encoded So as to be DC balanced, or is modulated onto a 
Subcarrier frequency So that the average clock frequency on 
line 580 is equal to the bit generation frequency of the high 
Speed data Source. If the Subcarrier approach is used, the 
high Speed data does not need to be DC balanced encoded 
because the high Speed data Fourier spectrum frequency 
components do not affect the recovered clock phase in which 
the Subchannel information is carried. However, regardless 
of whether a Subcarrier is or is not used, the high Speed data 
coding and transmission format must be compatible with the 
high Speed data receivers in the System. 
The flip flop 582 synchronizes the high speed data bit 

Stream to the modulated clock and outputs the result on line 
586. The resulting combined signal is AC coupled to the 
media via capacitor 588 and is injected into the shared media 
20 using an appropriate media interface (not shown). Any of 
the media interface adapters previously described or direct 
injection (copper only) can be used. 
At the receiver end of the shared media, a conventional 

clock recovery unit (CRU) 592 receives the high speed data 
Signals and recovers the clock signal using a phase locked 
loop like that shown in FIG. 22. The phase locked loop has 
a control loop with a loop bandwidth which is large enough 
to include the Fourier spectrum of the subchannel modula 
tion. That is, a phase detector 594 in the CRU PLL must be 
able to detect the highest rates of expected changes in phase 
or frequency in the high speed clock signal. Also, a low pass 
filter 596 must have a passband to pass substantially all the 
Fourier components in the error voltage on line 595 gener 
ated by the phase detector including the Fourier components 
in the low frequency range generated by the Subchannel 
modulation. The low pass filter 596 is present to filter out 
high frequency products of the mixing of the frequencies of 
the output of a voltage controlled oscillator 598 on line 600 
with the incoming noise corrupted NRZ or RZ format high 
speed data stream on line 602. The signal on line 600 is the 
recovered high Speed data bit clock. 
The phase detector detects the phase difference between 

the recovered high speed clock on line 600 and the transi 
tions in the high Speed data Signal that occur on clock 
transitions at the transmit end. Because the passband of the 
low pass filter in the phase locked loop is Selected Such that 
the Spectrum of phase or frequency changes in the bit clock 
caused by the Subchannel data pass through the filter as part 
of the error signal output on line 595 by the phase detector, 
the error Signal output by the phase detector is the encoded 
Subchannel data or the modulated Subchannel carrier. In the 
case where the Subchannel data was DC balanced encoded, 
the subchannel data on line 595 can be used directly. 
However, in the case where the Subchannel data was modu 
lated onto a Subcarrier, optional Subchannel demodulator 
597 is coupled to line 595 to recover the subchannel data. 
This causes the voltage controlled oscillator 598 of the phase 
locked loop to change its frequency of operation to track the 
phase changes in the clock Signal encoded in the high Speed 
data. Thus, the cleaned up recovered clock signal online 602 
will be phase modulated in accordance with the Subchannel 
data. 
The Subchannel data is then recovered from the error 

signal on line 595 by decoding it or applying the modulated 
Subchannel carrier to a Subchannel demodulator. 
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FIG. 23 schematically illustrates a subchannel species in 
the proprietary link genus having a transmitter Structure to 
implement modulation of laser diode power Simultaneously 
with Subchannel data and high Speed data. In this 
embodiment, a laser diode 520 generates light the intensity 
of which is proportional to the current passing through the 
laser diode. The current on line 524 coupled to the anode of 
the laser diode is modulated by three current Sources. 
Current source 526 outputs current on line 528 which is 
modulated in accordance with the high Speed DC balanced 
data, e.g., 8b/10b data encoded NRZ baseband transitions. 
Current source 530 outputs current on line 532 which is 
modulated in accordance with either encoded Subchannel 
baseband data which is DC balanced or a Subcarrier in the 
1 mHz frequency range which is modulated in any fashion 
with the Subchannel data. Of course if AC coupling capaci 
tors exist anywhere in the transmitter or receiver which 
would block the baseband subchannel data signal from 
getting through to the Subchannel receiver, then a Subchan 
nel carrier modulated with the Subchannel data must be used. 
This modulation can be phase, frequency or amplitude 
modulation. Further, the Subcarrier signal on line 532 can be 
pulse position modulated, or QAM or QPSK modulation of 
two Subcarriers at a frequency in the Suppressed portion of 
the high Speed data Spectrum but Separated in phase by 90 
degrees may be used. Also, the Signal on line 532 can be 
Straight baseband Subchannel data as well. Basically, any 
conventional modulation Scheme will work to modulate the 
Subcarrier, and a conventional demodulator may be used in 
the Subchannel receiver after Separating out the low fre 
quency Subcarrier from the high Speed data using a low pass 
filter. 
When the Subchannel current on line 532 is Summed with 

the high Speed data current on line 528, the resulting light 
intensity variations would be the Superposition of the low 
frequency Subchannel Signals and the high frequency tran 
sitions of the 8b/10b encoded NRZ or RZ baseband transi 
tions. The resulting transmitted Signal would be baseband 
8b/10b encoded NRZ or RZ format data expressed as light 
intensity variations which have a baseline or reference level 
which varies with the Subchannel data, as shown in FIG. 4. 

Alternatively, the subchannel current source 530 can be 
used to generate a current the instantaneous value of which 
is used to multiply the high speed data current in line 528. 
If instead of Summing the currents on lines 532 and 528, the 
high Speed data pulse amplitudes were multiplied by the 
instantaneous value for the Subchannel data or modulated 
Subcarrier, the resulting transmitted Signal would look like 
FIG. 5 and would be true amplitude modulation of the high 
Speed data logic Swing. ASSuming that a proprietary link is 
in use with no digital buffers between the transmitter and the 
Subchannel receiver, the Subchannel data could be extracted 
by peak detecting the high Speed data and integrating the 
output of the peak detector. The AM modulated high speed 
data is then passed through a digital buffer and applied to the 
input of the high Speed data receiver. 

Amplitude modulation of the logic Swings of the 8b/10b 
encoded high Speed data has the disadvantage that it creates 
jitter in the clock recovery function. The jitter results from 
the slight changes in the high Speed data pulse widths at the 
reference Voltage crossings of the high Speed data pulses as 
the ramp slopes change with changing pulse amplitude. This 
can cause bit errors. However, the amount of interference 
can be minimized because of the high quality low loSS 1 g|HZ 
transmission line that is being used to Send the high Speed 
data. Because losses are So low, and because Step up 
transformers can be used at the receiver end (as Soon as the 
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Signals are converted to the electrical domain in the optical 
fiber case), the amount of Subchannel power that needs to be 
injected is minimal. Typically, 100-200 millivolt Swings at 
the receiver are all that is needed to extract the Subchannel 
data. 

Alternatively to limiting the amplitude Swings, a high 
Speed data receiver which can tolerate the amount of jitter 
generated by Subcarrier injection could be used. In another 
alternative, the Subchannel Signal could be removed from 
the combined signal prior to applying it to the high Speed 
data receiver. In this species, the Subchannel Signal is 
recovered from the amplitude modulated high Speed data 
Signal and then an inverse of the Subchannel Signal gener 
ated Such as by the technology used in noise canceling 
headsets. Then this inverse signal is Summed with the 
amplitude modulated high Speed data Signal at a point 
upstream of the high Speed data receiver input So as to 
remove the amplitude modulation and any resulting jitter. 
The high Speed data Signal with the Subchannel Signal 
removed is then applied to the high Speed data receiver 
input. 

Returning to the consideration of FIG. 23, the embodi 
ment shown uses a Summing approach because the currents 
from the three current Sources Sum at node 542 to drive the 
laser diode. 

Because of the inherent low frequency noise of laser 
diodes, bias current Source 534 modulates the current online 
536 in accordance with a feedback error signal on path 538. 
Laser diodes are unstable in terms of the light intensity they 
put out in the frequency range below 50 HZ, and they 
therefore need Stabilization of their light intensity output 
absent any incoming drive signal just to quiet the quiescent 
Signal down to an acceptable level of noise. This is done by 
the combination of a photodetector 540 and current source 
534. The photodetector is positioned so as to sense the 
intensity of light output by the laser diode, and generates a 
Signal proportional to that light intensity. This signal is used 
to generate an error Signal on data path 538 which controls 
the amount of current injected into line 536 by the bias 
control current source 534. Because of the noisy nature of 
laser diodes at low frequencies where the Subchannel Signal 
will reside, forward error correction or Viterbi decoding can 
be used to reduce the bit error rate in the Subchannel data. 
Further, higher error rates can usually be tolerated on the 
management and control channels because traffic Volumes 
are lower. Therefore, larger numbers of retries do not 
adversely affect throughput enough to be a problem. 
The three modulated currents on lines 528, 532 and 536 

are Summed at node 542 and the Sum current drives laser 
diode 520. A DC blocking capacitor 544 couples the high 
speed DC balanced data modulated current on line 528 to 
node 542 while blocking the low frequency modulated 
currents on line 532 and 536 from entering line 528. 

FIG. 24 represents a proprietary link receiver System for 
the transmitter design of FIG. 23. A photodiode 550 senses 
the light pulses arriving from the shared media arid creates 
a current therethrough which varies with the intensity of the 
light pulses. A high Speed data receiver with a low input 
impedance transconductance amplifier input stage (not 
shown) is connected to the anode of the photodiode to 
receive the combined signal and recover the high Speed data 
therefrom. The cathode of the photodiode is coupled to a 
bias Source through a biasing resistor. The current flow 
variations in resistor 554 caused by the light intensity 
variations in the fiber optic media are converted to Voltage 
variations on node 556. Low pass filter 558 blocks high 
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frequency components from the high Speed data from reach 
ing the narrowband subchannel receiver 562 through nar 
rowband preamplifier 560. Optionally, a narrow bandwidth 
bandpass filter with a center frequency centered on the 
frequency of the Subchannel carrier and an adequate band 
width to include the Subchannel Spectrum may be inserted 
between the amplifier 560 and the subchannel receiver. The 
Subchannel receiver includes a demodulator which is appro 
priate to whatever type of modulation is in use. 

FIG. 25 represents an alternative embodiment for an 
optical Subchannel transmitter wherein the Subchannel infor 
mation to be transmitted is injected into the bias control 
current Source to alter the bias. Specifically, the laser diode 
620 is driven by two currents one of which represents the 
high speed DC balanced 8b/10b encoded data on line 628, 
and the other of which represents the bias and subchannel 
data on line 636. Current source 634 generates a bias current 
which is modulated by the subchannel information and 
which varies with feedback information to stabilize the 
diode. Feedback information is generated as follows. Pho 
todetector 640 picks up light intensity from the laser diode 
620 and generates a proportional Signal on line 641. This 
Signal is Summed with a signal on line 648 representing the 
Subchannel transmit data in a Summer 650. The Subchannel 
data on line 648 is presented in DC balanced encoded form 
or as a Subcarrier having a frequency in the portion of the 
Suppressed spectrum of the high Speed data and above the 
intrinsic laser diode noise is input on line 635 to a control 
port of current Source 634, the Subcarrier being angle 
modulated by the subchannel data. Of course if AC coupling 
capacitors exist anywhere in the transmitter or receiver 
which would block the baseband subchannel data signal 
from getting through to the Subchannel receiver, then a 
Subchannel carrier modulated with the Subchannel data must 
be used. 
The Summer 650 is a simple summing junction. 

Alternatively, circuit 650 can be a differential amplifier 
which outputs error signal 638 as the difference between the 
signals on lines 641 and 648. The combination of the signals 
on lines 641 and 648 is output as the error signal on path 638 
which controls the amount of current injected into line 636. 

FIG. 26 represents a block diagram of an alternative 
receiver input network for a proprietary link where access to 
the media interface device design is available and where, the 
shared media is an optical fiber. The modulated light waves 
exit fiber 622 and impinge upon photodetector diode 651. 
This diode is coupled to a bias Voltage Supply (not shown) 
coupled to node 652 through a load resistor 654 which 
controls the level of quiescent bias current. The changing 
light intensity causes variations in current through the load 
resistor which causes changing Voltage at node 656. A wide 
bandwidth preamplifier 658 amplifies the voltage signal at 
node 656. The amplified signals are coupled directly to the 
input of a high speed data receiver (not shown) via line 664 
and to the input of a Subchannel receiver (not shown) 
through a low pass filter 662 and line 666. The low pass filter 
has a passband with Sufficient bandwidth and an upper 
rolloff frequency Selected So as to pass all of the Fourier 
Spectral components in the Subchannel Spectrum but to 
heavily SuppreSS the higher power high frequency compo 
nents of the high Speed data spectrum. The Subchannel 
receiver includes a demodulator/decoder appropriate to 
whatever form of modulation or encoding of the baseband 
Subchannel Signal has. 

Although a preferred embodiment and numerous alterna 
tive embodiments have been disclosed herein, those skilled 
in the art will appreciate Still other embodiments and modi 
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fications that can be made without departing from the true 
Spirit and Scope of the invention. All Such modifications, 
improvements and other embodiments are intended to be 
included within the Scope of the claims appended hereto. 
What is claimed is: 
1. A System comprising: 
a copper or fiber optic shared transmission media; 
a high Speed data transmitter having a data input for 

coupling to a Source of date to be transmitted, for 
encoding data received at Said high Speed data input 
using a DC balanced data encoding Scheme and out 
putting Said encoded data in NRZ format at an output, 
Said encoding being Such that low frequency compo 
nents in the Fourier Spectrum of Said encoded high 
Speed data are heavily Suppressed, Said encoding 
Scheme having a bounded transition density; 

a Summing junction coupled to receive the encoded NRZ 
format data Signal output by Said high Speed data 
transmitter; 

a Subchannel transmitter for generating a Subchannel 
carrier Signal modulated with Subchannel data and 
having an output coupled to Said Summing junction So 
as to generate a combined signal comprising the Sum of 
Said high Speed data Signal and Said Subchannel carrier 
Signal, Said Subchannel transmitter having a data input 
for receiving Subchannel data to be transmitted over 
Said shared transmission media and using Said Subchan 
nel data to modulate Said Subchannel data onto a 
Subchannel carrier by frequency shift keying, Said 
Subchannel carrier having a frequency in the range of 
low frequencies that are heavily Suppressed in the 
Fourier Spectrum of Said high Speed data, Said Subchan 
nel transmitter including means for controlling the 
injection current into Said Summing junction generated 
by Said Subchannel transmitter So as to generate an 
Subchannel component in Said combined signal which 
is strong enough to be detected but which is not So 
Strong as to cause excessive jitter in any conventional 
high Speed data receiver to which Said combined signal 
is coupled; 

a media interface driver means which is designed to drive 
the particular type of shared transmission media present 
and having an input coupled to Said Summing junction 
and having an output coupled to Said shared transmis 
Sion media, for driving the combined signal generated 
at Said Summing junction onto Said shared transmission 
media; 

a media interface converter means having an input 
coupled to Said shared transmission media and having 
an output, for converting the combined signal on Said 
shared transmission media into a signal at Said output 
which can be coupled to the input of a conventional 
high Speed data receiver; 

a high Speed data receiver having an input coupled to Said 
media interface converter, for recovering Said high 
Speed data; and 

a low pass filter having an input coupled to Said media 
interface converter output and having an output and 
having a passband which includes Said Subchannel 
carrier and which has a rolloff frequency Set So as to 
heavily attenuate the high frequency Fourier compo 
nents of the combined signal output by Said media 
interface converter during passage through said low 
pass filter, and 

a Subchannel receiver having an input coupled to Said 
output of Said low pass filter, for converting the fre 
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quency shifts in Said Subchannel carrier to logic levels 
So as to recreate Said Subchannel data. 

2. The apparatus of claim 1 wherein Said media interface 
driver means is GBIC media interface adapter with an active 
digital buffer adapted to driver fiber optic shared transmis 
Sion media. 

3. The apparatus of claim 1 wherein Said media interface 
driver means is a fixed optical media interface driver. 

4. The apparatus of claim 1 wherein Said media interface 
driver means is a fixed copper media interface driver. 

5. A System comprising: 
a copper or fiber optic shared transmission media; 
a high Speed data transmitter having a data input for 

coupling to a Source of data to be transmitted, for 
encoding data received at Said high Speed data input 
using a DC balanced data encoding Scheme and out 
putting Said encoded data in NRZ format at an output, 
Said encoding being Such that low frequency compo 
nents in the Fourier Spectrum of Said encoded high 
Speed data are heavily Suppressed, Said encoding 
Scheme having a bounded transition density; 

a Summing junction coupled to receive the encoded NRZ 
format data Signal output by Said high Speed data 
transmitter; 

a Subchannel transmitter for generating a Subchannel 
carrier Signal modulated with Subchannel data and 
having an output coupled to Said Summing junction So 
as to generate a combined signal comprising the Sum of 
Said high Speed data Signal and Said Subchannel carrier 
Signal, Said Subchannel transmitter having a data input 
for receiving Subchannel data to be transmitted over 
Said shared transmission media and using Said Subchan 
nel data to modulate a Subchannel carrier having a 
frequency in the range of low frequencies that are 
heavily Suppressed in the Fourier spectrum of Said high 
Speed data, Said Subchannel transmitter including 
means for generating Slid Subchannel carrier Signal So 
as to have an amplitude which is approximately 4.5 
Volts peak-to-peak, and further including a variable 
attenuator coupling Said Subchannel carrier Signal to 
Said Summing junction while imposing a Selectable one 
of a plurality of different attenuation factors on Said 
Subchannel carrier Signal prior to injection into Said 
Summing junction, Said attenuation factor being 
Selected in accordance with the particular type of 
shared transmission media in use So as to generate a 
Subchannel component in Said combined signal which 
is Strong enough to be detected by a Subchannel 
receiver but which is not So Strong as to cause excessive 
jitter in any conventional high Speed data receiver to 
which Said combined signal is coupled; 

a media interface driver which is designed to drive the 
particular type of shared transmission media present 
and having an input coupled to Said Summing junction 
and having an output coupled to Said shared transmis 
Sion media, for driving the combined signal generated 
at Said Summing junction onto Said shared transmission 
media; 

a media interface converter means having an input 
coupled to Said shared transmission media and having 
an output, for converting the combined signal on Said 
shared transmission media into a signal at Said output 
which can be coupled to the input of a conventional 
high Speed data receiver; 

a high Speed data receiver having an input coupled to Said 
media interface converter, for recovering Said high 
Speed data; and 
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34 
a low pass filter having an input coupled to Said media 

interface converter output and having an output and 
having a passband which includes Said Subchannel 
carrier and which has a rolloff frequency Set So as to 
heavily attenuate the high frequency Fourier compo 
nents of the combined signal output by Said media 
interface converter during passage through said low 
pass filter, and 

a Subchannel receiver having an input coupled to Said 
output of Said low pass filter, for converting the fre 
quency shifts in Said Subchannel carrier to logic levels 
So as to recreate Said Subchannel data. 

6. The apparatus of claim 5 wherein said subchannel 
transmitter outputs a differential, frequency shift keyed 
Subcarrier Signal having a frequency of approximately 1 
mHz, and wherein Said means for generating Said Subchan 
nel carrier Signal So as to have a 4.5 volt peak-to-peak 
amplitude is a differential, emitter-coupled, analog Voltage 
amplifier with an output impedance of approximately 390 
ohms which outputs Said Subchannel carrier Signal So as to 
have a frequency of approximately 1 mHz and a 4.5 volt 
peak-to-peak amplitude on each Signal line, and wherein 
Said high Speed data transmitter has differential outputs at 
which are output said encoded NRZ format high speed data 
as a differential Signal via two differential high Speed data 
lines which couple Said differential outputs of Said high 
speed data transmitter to differential inputs on said GBIC 
media interface driver, and wherein Said Summing junction 
is a node on each of Said two high Speed data lines, and 
wherein Said outputs of Said differential, emitter-coupled, 
analog Voltage amplifier are coupled to Said Summing junc 
tion through a pair of 2000 ohm resistors, and wherein said 
outputs of Said differential, emitter-coupled, analog voltage 
amplifier are coupled to ground through shunt capacitors 
having capacitances of approximately 150 picofarads, and 
wherein Said differential outputs of Said high Speed data 
transmitter are coupled to Said Summing junctions through a 
pair of resistors which have resistances of approximately 47 
ohms each. 

7. The apparatus of claim 6 wherein said GBIC media 
interface driver is adapted for optical media and includes a 
digital buffer with differential inputs and has a pair of AC 
coupling capacitors coupling Said differential high Speed 
data lines to Said differential inputs of Said digital buffer, and 
wherein said differential inputs of said digital buffer are 
coupled to ground through a pair of termination resistors 
having resistance values of approximately 75 ohms each. 

8. The apparatus of claim 6 wherein said GBIC media 
interface driver is a passive copper media driver which 
couples the differential inputs of said GBIC media interface 
driver to Said shared copper media. 

9. The apparatus of claim 6 wherein said variable attenu 
ator is a Switch in Series with a resistor having a resistance 
of approximately 390 ohms, the Series combination being 
connected acroSS Said differential outputs of Said emitter 
coupled, analog Voltage amplifier. 

10. A System comprising: 
a copper shared transmission media; 
a high Speed data transmitter having a data input for 

coupling to a Source of data to be transmitted, for 
encoding data received at Said high Speed data input 
using a DC balanced data encoding Scheme and out 
putting Said encoded data in NRZ format at an output, 
Said encoding being Such that low frequency compo 
nents in the Fourier Spectrum of Said encoded high 
Speed data are heavily Suppressed, Said encoding 
Scheme having a bounded transition density; 
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a Summing junction coupled to receive the encoded NRZ 
format data Signal output by Said high Speed data 
transmitter and coupled directly to Said copper shared 
transmission media; 

a Subchannel transmitter for generating a Subchannel 
carrier Signal modulated with Subchannel data and 
having an output coupled to Said Summing junction So 
as to generate a combined signal comprising the Sum of 
Said high Speed data Signal and Said Subchannel carrier 
Signal, Said Subchannel transmitter having a data input 
for receiving Subchannel data to be transmitted over 
Said shared transmission media and using Said Subchan 
nel data to modulate Said Subchannel carrier, Said 
Subchannel carrier having a frequency in the range of 
low frequencies that are heavily Suppressed in the 
Fourier Spectrum of Said high Speed data, Said Subchan 
nel transmitter functioning to generate a Subchannel 
Signal in Said combined Signal which has a high enough 
amplitude to be detected over the Fourier components 
of Said combined Signal which are in the same fre 
quency range as Said Subchannel carrier and other 
Sources of noise but which is not So Strong as to cause 
excessive jitter in any conventional high Speed data 
receiver to which Said combined signal is coupled 
where excessive jitter is defined as jitter which is high 
enough to either cause unacceptably high bit error rates 
in recovery of Said high Speed data Signal or which 
cause loSS of Synchronization of any high Speed data 
receiver coupled to Said combined signal; 

a high Speed data receiver having an input coupled to Said 
copper Shared transmission media for recovering Said 
high Speed data; and 

a low pass filter having an input coupled to said media 
interface converter output and having an output and 
having a passband which includes Said Subchannel 
carrier and which has a rolloff frequency Set So as to 
heavily attenuate the high frequency Fourier compo 
nents of the combined signal output by Said media 
interface converter during passage through Said low 
pass filter, and 

a Subchannel receiver having an input coupled to Said 
output of Said low pass filter, for converting the modul 
lation in Said Subchannel carrier to logic levels So as to 
recreate Said Subchannel data. 

11. A System comprising: 
a copper shared transmission media; 
a high Speed data transmitter having a data input for 

coupling to a Source of data to be transmitted, for 
encoding data received at Said high Speed data input 
using a DC balanced data encoding Scheme and out 
putting said encoded data in NRZ format at a differ 
ential output with approximately a 1 gigabit bit rate, 
Said encoding being Such that low frequency compo 
nents in the Fourier Spectrum of Said encoded high 
Speed data in the frequency range of approximately 1 
mHZ are heavily Suppressed, said encoding Scheme 
having a bounded transition density between 0.3 and 
1.0; 

a fixed copper media interface driver having a digital 
buffer therein which is internally biased and having a 
differential input coupled to said differential outpul of 
Said high Speed data transmitter by first and Second 
conductors ech with first and Second AC coupling 
capacitors in Series therewith, Said first AC coupling 
capacitor having a value of approximately 150 pico 
farads and Said Second AC coupling capacitor having a 

15 

25 

35 

40 

45 

50 

55 

60 

65 

36 
capacitance of approximately 0.001 microfarads, and 
having a differential output coupled to ground through 
a pair of resistor Voltage dividers, each comprised of an 
approximately 47 ohm resistor coupled to the output of 
Said interface driver and an approximately 100 ohm 
resistor coupled between the 47 ohm resistor and 
ground, each having a center tap node at the junction 
between the resistors, each center tap node for coupling 
to Said copper shared transmission media by a pair of 
approximately 0.01 microfarad AC coupling capaci 
tors, 

a Summing junction in Said first conductors So as to 
receive one of the encoded NRZ format data differen 
tial Signals output by Said high Speed data transmitter 
and coupled to one of the differential inputs of Said 
fixed copper media interface driver, and wherein Said 
AC coupling capacitor; 

a Subchannel transmitter for generating a Subchannel 
carrier Signal frequency shift keyed modulated with 
Subchannel data having a center frequency of approxi 
mately 1 mHz and a peak-to-peak amplitude of 
approximately 2 volts, and having an output coupled to 
Said Summing junction So as to generate a combined 
Signal comprising the Sum of Said high Speed data 
Signal and Said Subchannel carrier Signal, Said Subchan 
nel transmitter having a data input for receiving Sub 
channel data to be transmitted over Said shared trans 
mission media and using Said Subchannel data to FSK 
modulate Said Subchannel carrier; 

a high Speed data receiver having an input coupled to Said 
copper shared transmission media for recovering Said 
high Speed data; and 

a low pass filter having an input coupled to said media 
interface converter output and having an output and 
having a passband which includes Said Subchannel 
carrier and which has a rolloff frequency Set at approxi 
mately 3 mHz. So as to heavily attenuate the high 
frequency Fourier components of the combined signal 
output by Said media interface converter during passage 
through Said low pass filter, and 

a Subchannel receiver having an input coupled to Said 
output of said low pass filter, for converting the FSK 
modulation in Said Subchannel carrier to logic levels. So 
as to recreate Said Subchannel data. 

12. A data transmitter comprising: 
first means for encoding high Speed data using a DC 

balanced encoding Scheme and outputting Said encoded 
data in NRZ format; 

a Summing junction; 
Second means for modulating a Subchannel carrier with 

Subchannel data and injecting the modulated Subchan 
nel carrier into Said Summing junction. 

13. The apparatus of claim 12 further comprising a media 
interface driver including a digital buffer coupling Said 
Summing junction to a shared transmission media, and 
wherein Said Second means injects enough Subchannel car 
rier Voltage to make the Subchannel Signal detectable at the 
receiver but not So much Subchannel carrier Voltage as to 
cause excessive jitter in any conventional high Speed data 
receiver which receives the combined signal transmitted on 
Said shared media. 

14. A process for transmitting low Speed data over a 
shared transmission media with high Speed data, compris 
ing: 

generating a high Speed data Stream by encoding high 
Speed data in Such a way that the Spectral energy 
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content of Said high Speed data is low at low frequen 
cies near the frequency of a Subchannel carrier and 
Supplying it to a Summing junction in NRZ format; 

modulating low Speed data onto Said Subchannel carrier 
having a frequency in a Suppressed low frequency 
portion of the Spectrum of Said encoded high Speed 
data; 
additively mixing Said modulated Subchannel carrier 

with Said encoded high Speed data by Superposition; 
and 

coupling the combined Signal onto a shared transmission 
media; 

at a destination mode, recovering Said high Speed data; 
filtering out most of the Spectral energy of Said high Speed 

data and recovering Said low Speed data from the 
filtered signal; 

wherein the frequency of Said Subchannel carrier is So much 
lower than the frequency of the high Speed data that the 
Superposition of Said Subchannel carrier on Said high Speed 
data carrier changes the Voltage of the high and low levels 
of the high Speed data in accordance with the amplitude of 
the Subchannel carrier by Superposition and Simultaneously 
causes shifts in the time of crossing of a reference Voltage at 
the leading and trailing edges of pulses of Said high Speed 
data Signals caused by Said level shifts, and wherein the Step 
of recovering Said low Speed data includes the Step of 
converting the changes in time of crossing of Said reference 
Voltage into recovered low speed data. 

15. A process for transmitting low Speed data over a 
shared transmission media with high Speed data, compris 
ing: 

generating a high Speed data Stream by encoding high 
Speed data in Such a way that the Spectral energy 
content of Said high Speed data is low at low frequen 
cies near the frequency of a Subchannel carrier and 
Supplying it to a Summing junction in NRZ format; 

modulating low Speed data onto Said Subchannel carrier 
having a frequency in a Suppressed low frequency 
portion of the Spectrum of Said encoded high Speed 
data; 

additively mixing Said modulated Subchannel carrier with 
Said encoded high Speed data by Superposition; and 

coupling the combined Signal onto a shared transmission 
media; 

at a destination mode, recovering Said high Speed data; 
filtering out most of the Spectral energy of Said high Speed 

data and recovering Said low Speed data from the 
filtered signal; 

and wherein the Step of additively mixing Said modulated 
Subchannel carrier with Said encoded high Speed data 
includes the Step of adding the Subchannel carrier Voltage to 
encoded high Speed data Voltage waveform at a Summing 
junction. 

16. A process for transmitting low Speed data over a 
shared transmission media with high Speed data, compris 
ing: 

generating a high Speed data Stream by encoding high 
Speed data in Such a way that the Spectral energy 
content of Said high Speed data is low at low frequen 
cies near the frequency of a Subchannel carrier and 
Supplying it to a Summing junction in NRZ format; 

modulating low Speed data onto Said Subchannel carrier 
having a frequency in a Suppressed low frequency 
portion of the Spectrum of Said encoded high Speed 
data; 

1O 

15 

25 

35 

40 

45 

50 

55 

60 

65 

38 
additively mixing Said modulated Subchannel carrier with 

Said encoded high Speed data by Superposition; and 
coupling the combined Signal onto a shared transmission 

media; 
at a destination mode, recovering Said high Speed data; 
filtering out most of the Spectral energy of Said high Speed 

data and recovering Said low Speed data from the 
filtered signal; 

and wherein the Step of encoding Said high Speed data 
comprises 8b/10b encoding the high Speed data Such that the 
power in the resulting Fourier spectral components starts to 
roll off at approximately 100 megahertz, and wherein the 
amplitude of the Subchannel carrier is high enough relative 
to the amplitude of the Fourier components in the Spectrum 
of the encoded high Speed data in the frequencies near the 
Subchannel carrier frequency Such that reliable recovery of 
Said low Speed data can be achieved, and wherein the 
frequency and modulation of the Subchannel carrier are Such 
that Fourier Spectrum of the modulated Subchannel carrier is 
Substantially contained within the passband of the transmis 
Sion media. 

17. A System for transmitting low Speed Subchannel data 
over the same transmission media as high media using 
Separate carriers comprising: 

a high Speed data input; 
a Subchannel data input; 
a shared copper or fiber optic transmission media; 
a driver having an input and having an output coupled to 

Said shared transmission media capable of driving 
either a copper or fiber optic media with Suitable 
modifications, 

a Summing junction or Summer having a plurality of 
inputs and an output coupled to Said input of Said 
driver; 

a high Speed data transmitter having an input coupled to 
Said high Speed data input and having an output 
coupled to one of Said inputs of Said Summer; 

a Subchannel transmitter having an input coupled to Said 
Subchannel data input and having an output coupled to 
another input of Said Summing junction or Summer and 
capable of driving a Subchannel Signal onto Said shared 
transmission media said Subchannel Signal having char 
acteristics of being detectable by a Subchannel receiver 
but also not causing excessive jitter in any high Speed 
data receiver which receives the Signals from Said 
shared transmission media; 

a high Speed data receiver having an input coupled either 
to Said transmission media or to the output of a media 
interface circuit which has an input coupled to Said 
shared transmission media and which is capable of 
converting Signals on Said media to electrical Signals, 
and Said high Speed data receiver having a data output 
at which recovered high Speed data is output; 

a low pass filter having an input coupled either directly to 
Said transmission media or to the output of a media 
interface circuit which has an input coupled to Said 
shared transmission media and which is capable of 
converting Signals on Said media to electrical Signals, 
Said low pass filter having an output and having an 
upper roll off frequency Set at a frequency to filter out 
most of the energy in the spectrum of Said high Speed 
data; and 

a Subchannel receiver having an input coupled to Said 
output of Said low pass filter and having an output at 
which recovered Subchannel data appears. 
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18. A System comprising: 
a high Speed bit clock; 
a Subchannel data Source of DC balanced encoded Sub 

channel data or a Subcarrier having Subchannel data 
modulated thereon; 

a clock modulation circuit using having an input coupled 
to Said clock and having an input for coupling to Said 
Subchannel data Source; 

a source of encoded NRZ or RZ format high speed data 
having a bit generation rate nominally equal to Said bit 
clock frequency; 

a FIFO memory having an input coupled to receive Said 
high Speed data and having an output; 

a flip flop having a clock input coupled to receive a 
modulated clock Signal from Said clock modulation 
circuit and having a data input coupled to Said output of 
said FIFO and having an output at which the high speed 
data appears reSynchronized with Said modulated clock 
Signal. 

19. The apparatus of claim 18 further comprising: means 
for coupling Said reSynchronized high Speed data Signal into 
a shared transmission media. 

20. The apparatus of claim 19 further comprising: 
a clock recovery unit coupled to receive Said resynchro 

nized high Speed data Signal and having an output at 
which a recovered high Speed bit clock signal appears 
and an output at which a Subchannel data or modulated 
Subcarrier Signal appears, and 

a high Speed data receiver circuit having an input coupled 
to Said output at which said recovered high Speed clock 
appears and having an input coupled to receive signals 
from Said shared transmission media. 
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21. The apparatus of claim 20 further comprising a 

Subchannel demodulator coupled to received Said modulated 
Subcarrier Signal. 

22. The apparatus of claim 20 wherein said clock recovery 
unit is a phas lock loop. 

23. A Subchannel data transmitter comprising: 
a laser diode, 
bias means for generating a variable bias current which 

Stablizes the output of Said laser diode; 
first means for generating a drive current which represents 
DC balanced encoded NRZ or RZ format high speed 
data; 

Second means for generating a drive current which rep 
resents a Subcarrier modulated with Subchannel data or 
DC balanced encoded Subchannel data; and 

means for Summing the currents generated by Said bias 
means, Said first means and Said Second means and 
using the Summed current to drive Said laser; 

and further comprising: 
a photodiode; 
a high Speed data receiver coupled to Said photodiode, 
a bias resistor for coupling the cathode of Said photodiode 

to a Source of bias Voltage; 
a low pass filter having an input coupled to the cathod of 

Said photodiode and having an output; and 
a Subchannel receiver coupled to the output of Said 

photodiode. 
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