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BACKGROUND OF THE | NVENTI ON 1. Field of the

I nvention. . The invention relates to the field of,
anplification of data signals in a networ k such as Et hernet
signals in a local area network using standard t el ephone
lines (twsted pairs). 2. Prior Art. .

Standard tel ephone lines (twi sted pairs) are commonly used in | ocal
area networks (LANs). These lines, while not ideal for high frequency
signals, are used because they are found jn virtually every commrerci al
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frequenci es of the audio signals orlglnally I nt ended for
transm ssion on tel ephone |lines. Consequently, the electrical

characterlstlcB#&ﬂ%Eggu#&giggglﬁﬁﬂngggﬂaﬂpt i deal for higher frequency
signals. These nes exni DI Igher attenuation as.the frequency rises. For
exanpl e, a hundred fedtigdiofiigd fVENEBN! | Ne m ght have a | oss of 2dB at

The invention relates to the field of amplification of data signals in a
network such as Ethernet signals in a local area network using standard
telephone lines (twisted pairs).

2. Prior Art.

Standard telephone lines (twisted pairs) are commonly used in local
area networks (LANs). These lines, while not ideal for high frequency
signals, are used because they are found in virtually every commercial
building. |

The typical data rate of signals transmitted in a LAN is substantially
higher than the frequencies of the audio signals originally intended for
transmission on telephone lines. Consequently, the electrical
characteristics of the twisted pairs are not ideal for higher frequency
signals. These lines exhibit higher attenuation as the frequency rises. For

example, a H!Jr_lg_rgd feet of telephone line might have a loss of 2dB at

5MHz and a loss of 3dB at 10MHz. This frequency-attenuation

characteristic causes a propagated signal having a spectrum of energy to
undergo distortion in time and amplitude. Oﬂén, a signal quantitized in
time intervals suffers from intersymbol interference due to this freqL_Jency
dependency of attenuation. Accordingly, it is not sufficient to just amplify
t'he signal transmitted over such a line with an amplifier having a "flat"
response, but rather correction must also be made for the de-emphasis of

the higher frequency.
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5MHz and a | oss of 3dB at 10MHz. This frequency-attenuation
characteristic causes a propagated signal having a spectrum of energy to
undergo distortion in time and anplitude. Oten, a signal quantitized in
time intervals suffers fromintersynbol interference due to this frequency
dependency of attenuation. Accordingly, it is not sufficient to just

anplify the signal transmtted over such a line with an .
anplifier having a "flat" response, but rather correction
nmust al so be nade for the de-enphasis of t he hi gher ’
frequency. 2 2

Consi der the probl eConsidentid psoblemaf ainpifying aurgie fregueney sighapnsni tted
over 1000 feet of telephone line. If the frequency response of the line is

neasured, an atrphsritied ever 1090rfestiof telephbhe lihe. dnthkiffequeney segpsiise ofThe
problemis, however, that each line requires a unique anplifier. Line
charact eri sti cthedne isemeasured; an athplitier can bereeadily(briilgto aBpUff wetsigrdld a de-
The problem is, however, that each line requires a unique amplifier.  Line
characteristics can be quantitized to increments (e.g., 300 feet) and a de-
emphasis assumed thereby allowing the selection of an appropriate
amplifier as a function of line length. But, for example, if an amplifier
designed for a 1000 feet run is used at the end of a 500 feet run, a serious
problem can result. Specifically, the amplifier will over-emphasize some
higher frequencies of the data signal. This will result in distortion which
can change one binary state to another in a detected signal.

As will be seen, the present invention solves this problem by

providing an amplifier which automatically compensates for line length.




enpha8i s assuned thereby allowi ng the selection of an appropriate
anplifier as a function of line length. But, for exanple, if an anplifier
designed for a 1000 feet run is used at the end of a 500 feet run, a
serious problemcan result. Specifically, the anplifier will-

over - enphasi ze sonme hi gher frequencies of the data signal. This wll
result in distortion which can change one binary state to another in a

detect ed signal. As will be seen, the present invention solves this
probl em by providing an anplifier which automatically conpensates for |ine
| engt h. ' 3 3 SUMVARY OF THE

| NVENTI ON SUMMRRYIQF I THEINVBNTMDN i fying a signal transmtted over a

line, where the Iine attenuates higher frequencies nore than | ower

frequencies is An amplifier for amplifying a signal transmitted over a line, where
the line attenuates higher frequencies more than lower frequéncies is
described. A plurality of cascaded stages are used, each stage includes a
predetermined amplification with higher frequency emphasis. Each stage
of the ampilifier further is able to pass an input signal to the stages output
with substantially no amplification (unity gain) when the input signal to that
stage is above a predetermined level. In one embodiment of the present
invention, each stage is able to saturate or limit when the input signal
reaches a predetermined level. In another embodiment, the peak to peak
amplitude of the input signal to the amplifier is examined allowing an
estimate to be made of the length of line through which the signal has
passed. This estimate is used to activate amplification through an
appropriate number of amplifier stages.

Other aspects of the present in_vention will be apparent from the

following Detailed Description.




described. A plurality of cascaded stages are used, each stage includes a
predeterm ned anplification with higher frequency enphasis. Each stage of
the anplifier further is able to pass an input signal to the stages output
with substantially no anplification (unity gain) when the input signal to

that stage is above a predeterm ned |level. In one enbodi nent of the
present invention, each stage is able to saturate or Iimt when the input
signal reaches a predetermned |evel. In another enbodi nent, the peak to

peak anplitude of the input signal to the anplifier is exam ned allow ng
an estimte to be nmade of the length of4line through which the signal has

passed. This m@m@g’mqﬂ@! OF peEipRrAWVINEE | fication through an
appropriate nunber of anplifier stages. Q her aspects of the
Bregireinfot : g\r/].ent i on Figlte Pés arg@gpw@hoWrnymb@tenﬁaiiémWhm bEiuRs Wil
respect to frequency for twisted pair lines of different lengths.

Figure 2 is a block diagram showing the overall concept of the
present invention.

Figure 3 is an electrical schematic showing a single stage of an
amplifier for for use in the present invention.

Figure 4 is an electrical schematic showing the currently preferred
embodiment of the present invention.

Figure 5 is an electrical schematic showing another single stage of
an amplifier for use in the present invention.

Figure 6 is an electrical schematic and block diagram of an
alternate embodiment of the present invention.

Figure 7 is an electrical schematic showing yet another single stage

of an amplifier for use in the present invention.
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4 BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a graph show ng the
attenuation which occurs with respect to frequency for twsted pair |ines
of different |engths. Figure 2 is a block diagram showi ng the overal
concept of the present invention. Figure 3 is an electrica
schematic showi ng a single stage of an anplifier for for use in the
present invention. Figure 4 is an electrical schematic show ng the
currently preferred enbodi nent of the present invention. Figure 5
is an electrical schematic show ng another single stage of an anplifier
for use in the present invention. Bigure 6 is an electrical

schemati ¢ and DEDAK ED BESORIATION OH THERRESEMIOMVENTION t he present

i nventi on. Figure 7 is an electrical schematic show ng yet another
singl e stage of amrampiifierpartioulady suited {dra bANsehich uses twisted pair

lines is disclosed. In the currently preferred embodiment specific details,
such as specific circuit element values are set forth in orderto provide a
thorough understanding of the present invention. It will be obvious,
however, to one skilled in the art that the present invention may be
practiced without these specific details.

Discussion of the Problem Solved by the Present Invention

~ Referring first to Figure 1, the graph represents the expected
attenuation in a telephone line (twisted pair) for different length lines (i.e.,
300 feet, 600 feet, 900 feet and 1200 feet) as a function of frequency. The
increased frequency is shown in the direction of the arrow along the
abscissa 12. Two frequencies, f1 and f2 are shown in Figure 1 for
discussion below.

Assume that data transmission in a network occurs by using

several frequencies and phases to encode data (f1, f2.......fn). For
example, in an Ethernet network f1 is equal to 5MHz and f2 to 10MHz. I

one is to amplify the signal at the end of a line, the amplification needed is

a function of line lengths. Using too much amplification can cause

di_stortion. For instance, assume that an amplifier which provides the

correct amplification for 1200 feet of line is Used at the end of 300 feet of

line. This ampliﬁer will provide the amplification needed to correct for the

aftenuation 13 for f4 and additional amplification indicated by the

attenuation 10 for the frequency fa. Wh.en this amplifier is used to amplify
. the signal at the end of 300 feet of line, the relative amplifications of the

frequencies f4 and f2 will be incorrect. Specifically, compare distances



5 DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON An amplifier
particularly suited for a LAN which uses twisted pair lines is disclosed.
In the currently preferred enbodi mnent specific details, such as specific
circuit elenment values are set forth in order to provide a thorough

under standi ng of the present invention. It wll be obvious, however, to
one skilled in the art that the present invention may be practiced w thout
t hese specific details. Di scussion of the Problem Solved by the
Present | nvention F@ferrlng flrst to Figure 1, the graph represents

t he expected tten ti hone 9 i ne tvmsted a|r for di fferent
| engt hpl i nes 1(aq %gﬂlfrgét %‘éGpaP§@§ d'%‘)é %Yheﬁﬁn% Séf‘) as a

of "the ar ?wafrsgﬁ'ﬁ il . AR P Smolthe gnd it sy o
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attenuation in the line known.

neral Principle Embodied in the Present Invention

Referring to Figure 2, an ampilifier is shown having four stages
connected in cascade. When all four stages are used, an input signal on
line 15 is ampilified through the stages and an output signal occurs on tap -
22. Each stage includes an equalizing amplifier 16 and a buffer or coupler
17. Each stage provides the needed amplification at the frequency f1 to
compensate for the typical loss through 300 feet of telephone line and the
emphasis needed to compensate for the typical higher loss at the higher
frequency f2. Forinstance, each stage may provide 6dB of gain at 1 and
SdB of gain at f2. In the currently preferred embodiment, each stage
provides the gain need to compensate for the anticipated attenuation of an
Ethemnet signal in 300 to 400 feet of twisted pair telephone line.

In Figure 2, a tap 19 is used between stages 1 and 2, a tap 20
between stages 2 and 3 and a tap 21 between stages 3 and 4. The output

W m e —————

lineis connected to a switch 25 Wthh switch can select elther one of the

taps 19, 20, 21 or 22. ldeally, the switch 25 is moved to the correct
position fo provide the proper amplification. For instance, if the line is 600
feet long, the switch 25 connects tap 20 to the output line 23,

With the present invention, in effect, the correct number of stages is
automatica]!_y selected. The amplifier automatically adjusts to an
approximation of the line length in a manner totally transparent to the

userfinstaller. As will be seen in one embodiment, the stages of the



several frequencies and phases to encode data ([err], [err],....... [err]).
For exanple, in an Ethernet network [err] is equal to 5MHz and [err] to
10MHz. If one is to anplify the signal at the end of a line, the
anplification needed is a function of line I engths. Using too nuch
anplification can cause distortion. For instance, assune that an anplifier
whi ch provides the correct anplification for 1200 feet of line is used at
the end of 300 feet of Iline. This anplifier will provide the anplification
needed to correct for the attenuation 13 for [err] and additional '
anplification indicated by the attenuati’fon 10 for the frequency [err].
When t hi s anphlnfpliéier ase thesuselvessplf-limjting ard ini anciheraembbdineerd, of 300 f eet
of line, the relative anplifications of the frequencies [err] and [err]
wi | | be incor switchingpeagurs.cal |y, conpare di stances

6 10 and 11 of Figure 1. This causes distortion in the signal which can
result in data errors. Accordingly, to properly anplify the signal after it

has been transmtted over a line the length of the |ine should be known or
t he Currently Prefefred Embodiment

Referring to Figure 4, the currently preferred embodiment of the
amplifier of the present invention is shown. The amplifier receives an
input on line 30 and provides an output on line 31. The amplifier
comprises four substantially identical stages 32, 33,34 and 35 and a
biasing circuit 36. The stages are cascaded (series connection) and are
AC coupled through capacitors such as capacitor 53 connecting stage 32
to stage 33.

Each stage comprises a pair of pnp transistors 40 and 41
connected in a long tailed amplifier/limiter siage with inverting gains. The
transistor 40 is connected in a common emitter gain configuration and
receives the input signal from line 30 on its base terminal. The base
terminal is coupled to ground or a reference potential through a resistor
77. The collector terminal is coupled to a negative supply (e.g.,-12V)
through a resistor 52. The collector terminal provides an output for the

next stage. The emitter terminal of transistor 40 is coupled to a positive

supply (e.g., +5V) through resistor 42. 'R.e's-i-stors 44 and 45 and capacitor

46 act to shapé fre-quency response. The transistor 41 with its common
base configuration has its emitter terminal coupled to the positive supply
through resistor 43 and its emitter terminal coupled to the negative supply
through resistor 50. The base terminal 48 of transistor 41 is coupled to
ground thrq}:gh resistor 49.

The transistor 40 provides amplification. Transistor 41 shares the

bias current from resistors 42 and 43 and acts to give symmetric and



attenuation in the |line known. General Principle Enbodied in the
Present | nvention Referring to Figure 2, an anplifier is shown
havi ng four stages connected in cascade. \Wen all four stages are used, an
i nput signal on line 15 is anplified through the stages and an out put

signal occurs on tap 22. Each stage includes an equalizing anplifier 16 and
a buffer or coupler 17. Each stage provides the needed anplification at
the frequency [err] to conpensate for the typical |oss through 300 feet of
tel ephone Iine and the enphasis needed to conpensate for the typical

hi gher loss at the
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instance, if t
permits, for example, additional amplification of the 10MHz signal even

when the 5MHz signal has reached its preset limit.

In the currently preferred embodiment, a modest gain per stage is
empioyed (i.e., 210 2.5). The stages receiving the limiting voltage as an
input provide unity gain for all frequencies. The values of the resistors 42,
43, 44, 45 and the value of capacitor 46 are selected to ensure
symmetrical limiting which has been found to be needed for correct data
recovery, since propagated asymmetry undermines equalization.

The specific component values and transistors used for the stages
are set forth in Figure 4 for stage 33.

| The biasing circuit 36 is used to control the effects of the offset
transients encountered at the start of each packet of data. This circuit is
driven by the complement of a carrier detect signal on line 55.

In operation, assume that the input signal on line 30 is a 1V signal

B ——— .

(at 5MHz). Stage 32 amplifies this signal to the 2V level and this signal is

then passed on to stage 33. ‘The 2V level saturates stage 33 and this
stage and the subsequent stages provide unity gain to the signal. If the
signal on line 30 (again considering the SMHz com\ponent) is for example
0.125V, it is amplified to .25V by stage 32, to .5V by stage 33, to 1V by
stage 34 and to 2V before being coupled to the output line 31. Thus the |
amplifier of Figure 4 amplifies an input signal in the range of 0.125V to 2

volts, to 2 volts. If it is assumed that the ihput signal to avlength of twisted



feet long, the switch 25 connects tap 20 to the output |ine 23. Wth
the present invention, in effect, the correct nunber of stages is
automatically selected. The anplifier automatically adjusts to an
approximation of the line length in a manner totally transparent to the
user/installer. As will be seen in one enbodi nent, the stages of the

7 anplifier are thenselves self-limting and in anot her enbodi nent,
swi t ching occurs. Currently Preferred Enbodi nent
Referring to Figure 4, the currently preferred enbodlnent of the anplifier
of the present.i ent|0ﬁ{1§g8 omn The %P ifier celves an input on line

30 and provi R&f ‘Heth?lamﬁ rz?r%q”i‘?ﬁ' ly RroYiges dha coraet
substantially, mprﬂ:ta'n%%lmﬁ% aﬂ?ﬁe? & length %elngrknown a‘Phns allows one .

"standard" amplifier to be used for different line lengths with the installer
not needing to know the line length or needing to determine the line's
characteristics.

The frequency emphasis is selected in the stages to match the
transmissjon best approximation characteristics of a pre-set line segments
of media. * Thus, the frequency would be different for a given line in a

"Token Ring" network as opposed to an "Ethernet" network.




biasihg circuit 36. The stages are cascaded (series connection) and are AC
coupl ed through capacitors such as capacitor 53 connecting stage 32 to

st age 33. Each stage conprises a pair of pnp transistors 40 and 41
connected in a long tailed anplifier/limter stage with inverting gains.
The transistor 40 is connected in a conmmon enmtter gain configuration and
receives the input signal fromline 30 on its base termnal. The base -
terminal is coupled to ground or a reference potential through a resistor

77. The collector termnal is coupled to a negative supply (e.g., -1 2V)
through a resistor 52. The collector teryg nal provides an output for the
next stage. The emtter term nAlterhatd ARdiEieQr gS coupled to a positive

supply (e.g., +5V) through resistor 42. Resistors 44 and 45 and capacitor

46 act to shape fr &pleming todHguress; anblireristayesios tive amblifiet 6f Figarecpmgon base
configuration has its emtter termnal coupled to the positive supply

t hrough resi sshowaA3 Thedstage receivesan inputriondined@Yuaric: pravidésen oeatptione suppl y
t hrough resistor 50. The base term nal 48 of transistor 41 is coupled to
ground. t hr ougline 88i sthe stége comprises a pair of pnp transistors 89 and 80

connected in.a long-tailed pair. The transistor 89 is connected in a

common emitter configuration and receives the input signal from line 87 on

its base terminal. The emitter terminal of transistor 89 is coupled to a +5V

supply thfough resistor 91 and the collector terminal of this transistor is

coupled to a -12V supply. The transistor 90 with its common base

configuration has its emitter terminal coupled to the +5V shpply through

resistor 93 and its collector terminal coupled to the -12V supply through a

resistor 97. The base terminal of transistor 80 is coupled to a reference

potential through a 100 ohm resistor.

The transistor 90 provides amplification and steers DC current

through the transistor 89 via the resistqr 94. The resistor 94 and

particularly, the resistor 95 and capacitor 96 develop the higher frequehcy

emphasis discussed above. The circuit element values are chosen such

that transistor 90 operates from cut-off to where it can carry all the bias

current from the resistors 91 and 83. This action gives smooth amplitude

limiting.

Figure 3 shows another alternate stage which may be used fbr the
stages shown in Figure 4. This stage uses an MOS transistor 61. The
emphasis is determined by the resistor 62 in conjunction with the resistor
64 and inductor 63. The self-limiting feature of this stage is obtained
through the diodes 60 in the feedback path.

Figufe 5 shows another embodiment of a si_ngle stage. This

embodiment uses the npn transistor 65 with the emphasis being



The transistor 40 provides anplification. Transistor 41 shares the bias
current fromresistors 42 and 43 and acts to give symetric and
8 controlled limting of current shared with transistor 40. The resistor 44
and particularly the resistor 45 and capacitor 46 devel op the higher
frequency enphasis discussed above. For the Ethernet case shown, preset
anplification is provided for both the 5MHz and 10MHz signals. The
particular limting nmechani smwhich occurs for the stages of Figure 4
permts, for exanple, additional anplificztion of the 10MHz signal even

' In the currently

oot red onodHARne S bSERT o Wb Rhnaresstor i et 2 6 5%
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Iternate Embodiment of the Present Invention
Referring to Figure 6, the alternate embodiment again includes four
identical stages in an amplifier identified as stages S1, S2, S3 aﬁd S4.
The input on line 70 is capacitor coupled to the input stage S1. The
remaining stages are each coupled in cascade providing an output on line
71. The stage S1 comprises a transistor 72 connected in a common
emitter configuration. Each stage iricludes an RC network comprising
resistor 73 and a capacitor 74 which is selectively coupled to ground
through a switch such as switch 75 (SW1) for stage S1. When the switch
75 is in its open position, stage 1 provides substantially unity gain for all
frequencies of interest. Whén the switch 75 is closed a gain of
approximately 60B is provided for.the 5MHz signal and higher gain (e.g.,
9dB) for the 10MHz signal. Thus, as can be seen from Figure 6, an input
signal to each of the stages can either be amplified with the correct high

frequency emphasis or the input signal can simply pass through the stage

without being amplified depending on the switch position.

~Implicit in the operation of amplifiers discussed above, including the
amplifier of Figure 6 is that the input signal to the amplifier is to be
restored to its original amplitude and that original amplitude is known, for
example, 2V at 5SMHz. The fact that the original amplitude of the signal is
known is used in the embodiment of Figure 6 to, in effect, estimate the
length of the line through which the signal passed before reaching the

amplifier. The a.c. input signal on line 70 is coupled to an input



r-ecovery, since propagated asymetry underm nes equali zati on.

speci fi c conponent values and transistors used for the stages
forth in Figure 4 for stage 33.

control the effects of the offset
each packet of data. This circuit

det ect signa

on |line 55. I n operation, assune that the input

on line 30 is a 1V signal (at 5MHz). Stage 32 anplifies this signa

2V | evel and

this signal is then passed on to stage 33. The 2V |evel

saturates stage 33 and this stage and t¥e subsequent stages provide
gain to the stomahratof 80laad compareddo al pradetetminedaioitagensiodthe ng t he 5|\/Hz

conponent) is for exa

.5V by stage

i nput si gnal

25V, it is anplified to .25V by stage

The

are set

The biasing circuit 36 is used to
transi ents encountered at the start of
Is driven by the conplenent of a carrier

si gnal
to the

unity
32,

Emernetangodynerﬁtdagwssedmm.ttbe poak yalyeoithe dibupl ed to the
output line 31. Thus the anplifier of Figure 4 anplifies an input si
in the range epmponentot amEﬂwero@n srgnaltqﬂ line, &1 tsscompared t¢ 2Vathiseing hat t he

to alength of tws
the peak amplitude of the ongnnal 5MHz component of the signal. If the

results of this comparison show that the signal is substantially
unattenuated (e.qg., greater than 1V) no output is provided from the
comparator 80. In this case, none of the switches S1 through S4 are
closed and the input signal on line 70 passes to the output line 71 without
amplification. Next consider the case where the input signal to the
amplitier and comparator 80 is less than 0.125V, in this case a signal is
provided by the comparator on line 81 and all the switches S1 through S4
are closed providing amplification by all the stages. [f the signal is 0.125V
or greater but less than 0.25V thén a signal appears on line 82 and
switches Sy, Sz and S3 are closed. Similarly, if the signal is 0.25V or
greater but less than 0.5V a signal appears on line 83 and the switches
SW1 and SW2 are closed. Finally, if the signal is between 0.5V and 1V a
signal occurs on line 84 and switch SW1 is closed. In this manner, the
proper amplification is provided.

The comparator 80 of Figure 6 can be used with tne arrangement of

Figure 2 where the stages are tapped (not self—hmmng) and an output

taken at the output of the appropriate stage.

A method implemented by the present invention comprises the
steps of first measuring the a.c. amplitude of a signal transmitted over a
twisted pair line and comparing the results of this measurement with the
amplitude of the signal that was transmitted (this is assumed to be known).
Then sufficient gain is provided in an amplifier (with the desired frequency

emphasis) to restore the signal to its original amplitude and frequency

gnal



O:pair line is up to 1200 feet, the anplifier automatically provides the
correct anplification without the line |ength being known. This all ows one
"standard" anplifier to be used for different line lengths with the
installer not needing to know the line length or needing to determ ne the
| ine's characteristics. The frequency enphasis is selected in the
stages to match the transm ssion best approxi mati on characteristics of .a
pre-set- line segnents of media. Thus, the frequency woul d be different
for a given line in a "Token Ring" netwgrk as opposed to an "Ethernet™

net wor k.

. 10. . .
Al ternate An‘pﬁﬂeﬂrﬂw %‘?'3855 In an Ethegpetsignaldhe sneasyrement, "&H‘c‘)tﬂ fler stage for
the amplifier, aliek't§iHrvide te correct gain, can be done on the header of a packet

by examining the SMHz component. This gives time for the measuring
and adjusting (e.g., setting of gains) to occur before the data appears.
The gain, once determined, is used for the entire block of data and

reestablished for each header.

Thus, an amplifier has been described which is particularly suitable
for amplifying a data carrying signal in a network such as an Ethernet
network where the signal is transmitted over a twisted pair telephone line.
The amplifier's gain is in effect dynamic in that it serves as a function of
the magnitude of the input signal. This, among other advantages,
provides automatic compensation as the lines impedance changes-for

example, with temperature and humidity.




shrown.* The stage receives an input on line 87 and provi des an out put on
| i ne 88. TW pair of pnp transistors 89 and 90 .connected
in a long-tailed pair: ransi stor 89 is connected in a comopn emtter
configurati ﬂy ives the input signal fromline 87 on its base
termnal. T mmﬂﬂmﬂmmnlal of transistor 89 is coupled to a +5V supply
through resi st of st Mdlicol | ector term nal of this transistor is .
coupled to a -12V supply. The transistor 90 with its commobn base -
configuration has its emtter termnal coupled to the +5V supply through
resistor 93 and its collector termnal cddpled to the -1 2V supply through
a resistor 97CLAMSDbase terminal of transistor 90 is coupled to a
reference potential through a 100 ohm resistor. The transistor 90
provi des anplificatl.on aAd ampldies f{dd@mpiifyinga sigmaldragisniifted bvenailineor 89 via
the resistor 94. The resistor 94 and particularly, the resistor 95 and
capaci tor 96 deheredpetline atteyiuates higheetrequermigshmors thtirslowss étqabnvies: The
circuit element values are chosen such that transistor 90 operates from
cut-of f to where ita phtalityraf gascadachstageseachstage includimg predetessninedr s 91
and 93. This actign %i ves snpoth anplitude |imting.

amplification with higher frequency emphasis;

each stage further being able to pass an input signal to the stage's
output with substantially no attenuation when the input signal to that stage

is of a predetermined level.

2. The amplifier defined by claim 1 wherein each stage includes

a first transistor and second transistor coupled in a long tailed pair.

3. The amplifier defined by claim 1 wherein each stage includes
diodes which prevent amplification of an input signal to that stage once the

input signal reaches the predetermined level.

4, An amplifier comprising:
a plurality of stages coupled in series such that the output of one

stage is amplified by the next stage in the series;

each of the stages having a gain-frequency response favoring

higher frequencies so long as thé signal being applied to the input of that
stage is below a predetermined level, and each stage having a
substantially unity gain when the signal applied to that stage is above the

predetermined level.



Fi gure 3 shows another alternate stage which may be used for the stages

shown in Figure 4 Thi-s—stage uses an MOS transistor 61. The enphasis is
determ ned by t he resi Sﬁﬂ\&ﬁﬁ in conjunction with the resistor 64 and

i nduct or &)‘“\mm “l g feature of this stage is obtained through
t he di odes 6 pat h. Fi gure 5 shows anot her

enbodi ment of *a |ngI e stage. This enbodi nent uses the npn transistor -65

wi th the enphasis being 11
determined by the resistor 67 in conjunction with the resistor 68 and
capacitor 69. The self-limting featurelbs provided by the clipping
occurring throughb.di odEse @fnplifiet tefined puclamh 4tvihereieaainstagelircitdes
configuration, Al ternate Enbodi ment of the Present Invention
Ref erring to ghoyitrewbich dausaktibe stage lerselfdimitits gaigawhen tiwe inget sigoat
identical stages in an anplifier identified as stages S1, S2, S3 and $4.
The input on igiabeveohe predatarnined levalpl ed to the input stage S1. The

6. The amplifier defined by claim 5 wherein each stage
includes a pair of transistors which are biased so as to cause the current
in one of the transistors to flow through the other of the transistors when

the predetermined level is reached.

7. The amplifier defined by claim 5 wherein each of the stagés

includes diodes to provide the seli-limiting.

8. An amplifier comprising:

a plurality of stages coupled in cascade;

each stage having a self—ﬁmiting mode entered into when the level
of the fnput signal to the stage reaches a predetermined level, below this
level each stage providing a predetermined gain-frequency response
which provides higher frequency emphasis;

each of the stages once entering the mode having a substantlally

unity gam-frequency response.

- . a - ——

S. An ampliﬁef for receiving an input signal and amplifying it
comprising: |

a plurality of stages coupled in cascade;

each stage having a switch means associated with it for selecting a
predetermined gain-frequency response which favors higher frequencies

or a unity gain response;



remai ni ng stages are each coupled in cascade providing an output on |ine
71. The stage S1 conprises a transistor 72 connected in a common enmtter
configuration. Each stage includes an RC network conprising resistor 73
and a capacitor 74 which is selectively coupled to ground through a switch
such as switch 75 (SW) for stage S1. Wien the switch 75 is in its open
position, stage 1 provides substantially unity gain for all frequencies of
interest. When the switch 75 is closed a gain of approxinmately 6dB is
provi ded for the 5MHz signal and higher gain (e.g., 9dB) for the 10M¥
signal. Thus, as can be seen from Figurel6, an input signal to each of the
st ages can either tempardtof mednsicobptdddodeceive thainght signabioethey enphasi s or
the input signal can sinply pass through the stage w thout being anplified
dependi ng on &mglitiev foc Gopiseliing the switching means ¢fdhe stagestauchdbatmoon of
amplifiers discussed above, includinﬂ the anplifier of Figure 6 is that
the input si gPksaidstages aesalected asshe dnps signed taovhermplifiar desreagesdn
anplitude and that original anplitude is known, for exanple, 2V at 5Mz.
The fact thatM@8Biteéegi nal anplitude of the signal is known is used in the
enbodi nent of Figure 6 to, in effect, estimate the Ilength of the line

t hrough which the signal passed before reaching the

10.  The amplifier defined by claim 9 wherein the comparator

means compares the input signal to a predetermined level.

11.  An amplifier for receiving an input signal and amplifying it
comprising:

a plurality of stages each of which provides predetermined
frequency emphasis; .

each stage having means for meaéun'ng the input signal applied to
it, and for saturating when the input signal applied to it reaches a

predetermined level with predetermined frequency emphasis.

12. A method for amplifying a signal transmitted over a twisted
pair line comprising the steps of:

measuring the amplitude of the signal transmitted over a twisted

~ pair line;

providing amplification as a function of the measurement so as to

amplify the signalto a predetermined level.

;* [ L M S *




anplifier. The a.c. input signal on line 70 is coupled to an input

12 conparator 80 and conpared to a predeterm ned vol tage. For the Ethernet
enbodi nent di scussed here, the peak value of the 5MHz_conponent of an
Ethernet signal on line 70 is conpared to 2V, this Hejing d:feTneak za@pli t ude
of the original 5MHz conponent of the signal. If th resF;l._lg_,s,ﬁ Qb thT'S
conpari son show that the.signal is substantially u ; .f’fi‘r‘mfi”:\e Q..
greater than 1 V) no output is provided fromthe conparator 80. In this
case, none of the switches éES"Eq%PBLFB'hT@D&ﬁ@OSH%sed and the input signal
on line 70 passeLEO: tABAD WRRA/INErWORK AMpiAFiHIOwbR BTED PADE iL9RES Next

consi der the case where the Tnput signal to the anpliiier and conparator
80 is less than 0.1 25An amplifiar for uae avith astwistad pair LANoEadhdstage ohine
conparator on line 81 and all the switches S[err] through S[err] are closed
provi di ng anpl i f ianaphfier psovides ampifieatiopdscludingthigherifrequiency etnptisié for a

predstermined length of line. The correct number of stages are

automatically activated within the amplifier. Thus a singly configured

amplifier may be used for different lina lengths.

This Sheet Has Been Rei
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or greater but |less than 0.25V then a signal appears on line 82 and
swtches S[err], S[err] and S err] are closed. Simlarly, if the signal is
0.25V or greater but less than 0.5V a signal appears on line 83 and the
switches SWL and SW2 are closed. Finally, if the signal is between 0.5V
and 1V a signal occurs on line 84 and switch SWM is closed. In this manner,
the proper anplification is provided. The conparator 80 of Figure
6 can be used with the arrangenent oi e(gigure 2 where the stages are tapped
(not self-limting) and an output t % at the output of the appropriate
st age. A nmethod i npl emented by the present invention conprises the
steps of first neasuring the a.c. anplitude of a signal transmtted over a
twisted pair line and conparing the results of this neasurenent with the
anplitude of the signal that was transmtted (this is assuned to be known).
Then sufficient gain is provided in an anplifier (with the desired
frequency enphasis) to restore the signal to its original anplitude and
frequency
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13 spectrumcontent. In an Ethernet signal the neasurenent, which is
needed to provide the correct gain, can be done on the header of a packet
by exam ning the 5MHz conponent. This gives tinme for the measuring and
adjusting (e.g., setting of gains) to occur before the data appears. The
gain, once determned, is used for the entire block of data and
reestabl i shed for each header. Thus, an anplifier has been
described which is particularly suipﬁpée for anplifying a data carrying
signal in a network such as an Ethefre network where the signal is -
transmtted over a twisted pair telephone line. The anplifier's gainis in
effect dynamc in that it serves as a function of the nagnitude of the

i nput signal. This, anong ot her advantages, provides automatic
conpensation as the lines inpedance changes-for exanple, with tenperature

andhum dity.
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14 CLAI M5 1. An anplifier for anplifying a signal transmtted
over a line, where the |ine attenuates higher frequencies nore than | ower
frequenci es: a plurality of cascaded stages, each stage including
predeterm ned anplification with higher frequency enphasis; each
stage further being able to pass an input signal to the stage's output with
substantially no attenuation when the input signal to that stage is of a

predet erm ned | evel . 2. 3/pe anplifier defined by claim1l
wherein each stage includes a first transistor and second transistor
coupled in a'Jong tailed pair. 3. The anplifier defined by claim
1 wherein eadﬁ sta I ncl udes di pdes which} prevent anplification of an
i nput si gnal Lo th t\ftag [ he input|signal reaches the predeterm ned
| evel . 4 i pr conpri s{ng: a plurality of
stages coupl ed J eries hht, .t h }ﬂytDUt of one
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st:age sis anplified by the next stage in the series; each of the

st ages having a gai n-frequency response favoring higher frequencies so

|l ong as the signal being applied to the input of that stage is below a
predeterm ned | evel, and each stage having a substantially unity gain when
the signal applied to that stage is above the predeterm ned |evel.

15 5. The anplifier defined by claim4 wherein each stage includes
circuitry which causes the stage tozngf-linit its gain when the input
signal is above the predeterm ned | | . 6. The anplifier
defined by claim5 wherein each stage includes a pair of transistors which
are biased so as to cause the current in one of the transistors to flow

t hrough the other of the transistors when
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t he predeterm ned |l evel is reached. 7. The anplifier defined by
claim5 wherein each of the stages includes diodes to provide the
self-limting. 8. An anplifier conprising: a plurality
of stages coupl ed in cascade; each stage having a self-limting
node entered into when the level of the input signal to the stage reaches
a predetermned level, belowthis |evel each stage providing a .

pr edet er mi ned gai n-frequency responsg,ahich provi des hi gher frequency

enphasi s; each of the stages‘once entering the node having a
substantially wunity gain-frequency response. 9. An anplifier
for receiving an input signal and anplifying it conprising: a
plurality of stages coupled in cascade; each stage having a switch

means associated with it for selecting a predeterm ned gain-frequency
response which favors higher frequencies
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or a unity gain response; 16
conpar at or neans coupled to receive the input signal to the anplifier for
controlling the switching nmeans of the stages such that nore of said
stages are selected as the input signal to the anplifier decreases in

magni t ude. 10. The anplifier defined by claim9 wherein the
conparator neans conpares the input signal to a predeterm ned |evel..

11. An anplifier for receiving ag‘}Bput signal and anplifying it

conpri si ng: a plurality of sttages each of which provides
predeterim ned frequency enphasis;

OUTPUT
Cf
88

?oon
VREF

+VCC
6

a0~~~
97\\
5000

2N390

K
-

> Sé
N > S o
- v
. o O o n
© \ 5e & |
- @ [ B _x_____ — _
12 L
—VW— &

of |

=

INPUT
87

P S DLt L LR U Y L - PN T YU Ol il gl o X IR & und nade ad




each stage having neans for neasuring the input signal applied to it, and
for ‘saturating when the input signal applied to it reaches a predeternined
| evel with predeterm ned frequency enphasis. 12. A nethod for
anplifying a signal transmtted over a twisted pair line conprising the
steps of: measuring the anplitude of the signal transmtted over a
twsted pair line;, * providing anplification as a function of the
measurenent so as to anplify the signal to a predeterm ned |evel. -

17
ABSTRACT OF THE DISCLOSURE
TITLE : LOCAL AREA NETWORK AMPLIFIER FOR TWISTED PAIR LINES.

An amplifier for use with a twisted pair LAN. Each stage ot the .
amplifier p'bvides amplification including higher.frequency emp!_\asis for a
., predstermined length of line. The correct }iumber of stages are
automatically activated within the amplifier. Thus a singly configured

ampliﬁer may be used for different line lengths.

Figure 2 L
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