Pl 6480. S02 Hybri d
Crcuit 5 The present invention relates to a hybrid
.circuit..in.accordance with the preanbl e of claim1.

For conversion fromtwo-wire circuits, on which signals are transmtted in
accordance wth the frequency dupl ex channel systemin duplex operation, to
four-wire 1 0 circuits, on which signals are transmtted in

si npl ex operation, separating filters or hybrid circuits are
used, as are described, for exanple, in Steinbuch/ Rupprecht,
hbchricphﬁgbgsgnik, Springer-\Verlag, Heidelberg 1982, Third Edition, Vol une
2, . pages ) 46-52, or Herter/Lbrcher, Nachrichtentechnik,

Hanser Verlag, Munich 1994, Seventh , Edition, page 72 and
page 329. Hybrid circuits are used in such applications as anplifying 1 5
circuits, which are inserted between segnents of two-wire circuits for the
necessary boosting of the signal |evel of the
bidirectionally transmtted signals. rt not.e, hybrid

circuits are provided on the subscriggamyreé?EHSnitter side in order to
feed the transmtted signals froma two-wire transm ssion
line to a receiving anplifier and feed the signals to be

transmtted froma transmtter anplifier to the transmssion |line (see, for

ex glrrpl e, LW The present invention relates to a hybrid circuit in accordance with the preamble of

claim 1.

For conversion from two-wire circuits, on which signals are transmitted in
accordance with the frequency duplex channel system in duplex operation, to four-wire
10 circuits, on which signals are transmitted in simplex operation, separating filters or hybrid
circuits are used, as are described, for example, in Steinbuch/Rupprecht,
Nachrichtentechnik, Springer-Verlag, Heidelberg 1982, Third Edition, Volume 2, pages
46-52, or Herter/L6rcher, Nachrichtentechnik, Hanser Verlag, Munich 1994, Seventh
Edition, page 72 and page 329. Hybrid circuits are used in such applications as amplifying
15 circuits, which are inserted between segments of two-wire circuits for the necessary
boosting of the signal level of the bidirectionally transmitted signals. Furthermore, hybrid
circuits are provided on the subscriber or transmitter side in order to feed the transmitted
signals from a two-wire transmission line to a receiving amplifier and feed the signals to be
transmitted from a transmitter amplifier to the transmission line (see, for example, L.W.
20 Couch, DIGITAL AND ANALOG COMMUNICATION SYSTEMS, Prentice-Hall Inc.
1997, pages 536 - 543 or ). An important requirement for the hybrid circuit is that no
component of the output signal of the transmitter amplifier may reach the input of the

recetving amplifier.

25 Depicted in Figure 1 is a passive hybrid circuit, which is known from Siemens, 1C’s

for Communications, ISDN Echocancellation Circuit, TEC-Q, PEB 2091 - Version 4.3,



20 Couch, DI G TAL AND ANALOG COVMUNI CATI ON SYSTEMS,

Prentice-Hall Inc. 1997, pages 536 - 543 or). An inportant

.requirenment_for the hybrid circuit is that no conponent of
the output signal of the transmitter anplifier may reach the input of the
receiving anplifier. 25 Depicted in Figure 1 is a

passive hybrid circuit, which is known from Sienens, IC s
for Communi cations, |SDN Echocancellation Crcuit, |ECQ PEB 2091 -

Version 4. 3, User's Manual 02.95, Figure 83
(Hybrid Crcuit), in which the outputs of a transmtter uni t
or a trB 08r anplifier TX are each connected via a resistor Rqt or Rgr
to the termnals of a transformer TF that connects the
hybrid circuit with a transm ssion |ine havi ng an i npedance

ZI, and the inputs of a receiving unit or a receiving anplifier RX that 5
has an i nt erUsdr’srtMsaual 62168, Fgurai8d (Hybiid Corowitginewhivh theautpess of otrardBittar R3r

to the term nal s . . of the fransformer TF .TQ conpensate for
the transm s¥ILer atrepsmitter amplifient X egs %apE conmggted via a resistor Rt Opgeﬁfsbﬁ?snt )

f eedi ng back c T g ']{ng- w@lf”?’ Lid-ers B 1 he
recei vi ng an%ﬁ@?%ﬁo?wgﬂéﬁ%p I e “\‘/F‘d“%‘ tgaﬁlgglﬁl?lg(g%g% I ng ylnlla;rl]évng%stle e

conponent having an impedancé Zirand nlssinpitg of o Mepeiving Ynitadr at reeeiving amplifiar RP( that
signal fromjhe t,erm'PaI,s of the transmtt anplifier TX

vi & resi st or BsRodntergl 1Restapge Ry gre g ‘f@ﬂ‘_?"t?efgﬁ’i%gdﬁ%'ﬁt%"t R3togRinte 2he tHmIgRlst he
R (s e T
RX, wher e t heommsiest) deetlingfbath fromotig eassdineen TiFablthe receiving amplifier RX, the
receiving amplifier RX is supplied with a éorrespondingly inverted component
(compensating component) of the transmitting signal from the terminals of the transmitter
10 amplifier TX via resistors R1t and R2t or R1r and R2r, For complete compensation of the
distortion signal, a point-symmetric design of the resistance bridge is provided with regard
to the input of the receiving amplifier RX, where the resistors of the compensation path
are weighted in accordance with the compensating component to be provided. One must
take into account that the distortion component is influenced by the circuit impedance ZI.
15 Thus, for compensation of the circuit impedance ZI, a balance impedance Zb
corresponding thereto is provided in the compensation branch of the hybrid circuit. The
resistors of the known circuit are chosen as follows: Rqr and Rqt = 24 ohm; R1t and Rlr
= 619 ohm, R2t, R2r, R3t, and R3r = 10 k ohm. The balance impedance Zb consists of a
681 ohm resistor, which is connected in series to the parallel circuit of a 3.01 k ohm
20 resistor and a 6.8 nF capacitor. The compensation requirement of this bridge circuit with a

transformation ratio of the transformer TF of 1 to 1 is as follows:

(R1t + R1r): Zb=(Rqt + Rqr) : ZI
where R2t = R2r and R3t = R3r, or preferably, R2t = R2r = R3t =R3r.
25

With an input resistance Rr of the receiving unit, moreover, the following



are weighted in accordance with the conpensati ng conponent to be provided.
One nust take into account that the distortion conponent is

..influenced by the circuit—inpedance 7. 15- —Fhus; —for

conpensation of the circuit inpedance ZlI, a bal ance inpedance Zb
corresponding thereto is provided in the conpensation branch of the hybrid
circuit. The resistors of the known circuit are chosen as
follows: Rgr and Rgt = 24 ohm RIt and Rir = 619 ohm R2t,
R2r, R3t, and R3r = 10 k ohm The bal ance i npedance Zb consists of a

681 ohn1resisb8r, which is connected in series to the parallel circuit of a

3.01 k Ridp9 resistor and a 6.8 nF capacitor. The conpensation
requi renent of this bridge circuit with a transfornmation
ratio of the transformer TF of | to 1 is as follows:

(Rt +Rr): Zzb = (Rgt + Rqr) : ZI where R2t = R2r

and R3t = R3sondionpmest be sdiisfied: R2t = R2r = R3t =R3r. 25
Wth an input resistance Rr of the receiving unit, noreover, the follow ng
-2-

Re>>(R2t, R2r, R3t, R3r)>>R1t, Rir, Rgt, Rq3)

5 A disadvantage of this circuit is that a relatively large number of resistors is required, the
values of which must be chosen precisely. Furthermore, the balance impedance Zb must be
chosen in accordance with the transmission circuits employed and in accordance with the

characteristic impedance ZI of the transmission circuit.

10 Thus, the task that forms the basis of the present invention is to create a simplified

hybrid circuit that requires no balance impedance Zb.

This task is solved by the measures cited in the characterizing part of claim 1.
Advantageous embodiments of the invention are cited in further claims.
15
The hybrid circuit in accordance with the invention, which requires no balance
impedance Zb, has a simplified circuit design and can thus be produced cost-effectively.
Since no balance impedance Zb is required, the hybrid circuit an be connected to various
transmission lines without adjustments. Elimination of any interference that may arise in
20 the low frequency range is achieved with a simple filter for all transmission circuits
normally used. Thus, calibrations or adjustments of the hybrid circuit in accordance with
the invention resulting from component tolerances or due to changes in the diameter of the
transmission line are eliminated. Furthermore, the hybrid circuit in accordance with the
invention is especially suitable for receiving units that have relatively low input resistance.
25

The invention is described in more detail below by way of example with the aid of



condition nust be satisfied:

err ] 5 A di sadvantage of this circuit is that a

_relatively large. nunber of resistors is required, the val ues
of .whi ch must be chosen precisely. Furthernore, the bal ance inpedance Zb
must be chosen in accordance with the transm ssion circuits
enpl oyed and in accordance wth the characteristic inpedance
ZI of the transmission circuit. 10 Thus, the task

that forns the basis of the present invention is to create a sinplified
hybrid circuit that requires no bal ance inpedance Zb.

Thi s t aBlo488.808| ved by the neasures cited in the characterizing part of
claiml1. Advant ageous enbodi nents of the invention are
cited in further clainms. 15 The hybrid circuit in
accordance with the invention, which requires no bal ance

i npedance Zban illestragioni $tpiwifared circuit design and can thus be produced
cost-effectively. Si nce no bal ance i npedance Zb is required,
the hybrid circuit an be connected to various transm ssion

i nes wi t hougadust ne el 1 M i Lat.erference that may arise
in 20 Flgﬁlcylut he ?g@@ﬁ!&d&%%%@fge?@e&g ‘%eved with a si nple filter
for all tranBigusesi on cthedypitad resistance curve of a transmission lnelss adunclionf the
calibrations or adjustpgents of the hybrid circuit in accordance with

the invention resulti ngg‘i‘leé?ﬁ:corrponent tol erances or due to changes in the
di aneter of : 1 $SI ] & M..at

Furt her nore, f=l?ﬁree %ybr [ g’%‘?‘?‘%a& Pés%%ﬂé}g‘cozrﬁ %ﬁg{e\i‘s%&% ﬁﬁf%sgi R G the frequency,

i nvention i sFigemeeti al | y hgbrid citebiit irf avcordanes with thelinvdntiohhat have rel atively

| ow i nput resgjstance. 25 . . The .i nyentiqQn_.i.s descri bed
in more det alB9et ow b§EREsfopthesignalttenygtion of tangmigsion lines with different line

diameters as a function of frequency,

10 Figure 6 a hybrid circuit in accordance with the invention with a connected filter,
Figure 7 a possible embodiment of the filter in accordance with Fig. 6
Figure 8 a known hybrid circuit with active echo compensation, and
Figure 9 the hybrid circuit in accordance with Figure 8 with passive echo

compensation in accordance with the invention.
15
Figure 1 shows the hybrid circuit described at the outset, which has a balance

impedance Zb. It can be ascertained from Figure 2 that the amount of resistance |ZI|of a
transmission circuit above 10,000 Hz - 20,000 Hz typically lies in the range of 135 ohms.
The phase curve in this range moves in the region of 0°. Thus, compensation of the

20 resistance and phase behavior of the transmission line for the cited frequency range can be
omitted or an ohmic resistance can be used for Zb, which is eliminated in accordance with
the invention through the scaling of the resistance bridge, where the symmetry of the
resistance bridge, however, must remain intact. This is achieved by scaling the resistance
bridge in such a way that the value of the balance resistance Zb to be adjusted approaches

25 infinity so that the balance resistance Zb loses its effect on the compensation component

and is thus no longer necessary.



- 3- an illustration. Shown are:

Figure 1 a hybrid circuit with a bal ance i npedance,
_Figure. 2 . _the. typical resistance curve of a transmssion line as a
function of the 5 frequency,

Figure 3 the typical phase curve of a transmission line as a function of
t he frequency, Figure 4 a hybrid circuit in accordance
with the invention, Figure 5 curves for the signal
attenuation of transm ssion lines with different |ine

dianeters as a function of frequency, 10 Figure 6 a hybrid
ci rcui tPi6A8&883r dance with the invention with a connected filter,

Figure 7 a possi bl e enbodi ment of the filter in accordance with Fig. 6
Figure 8 a known hybrid circuit with active echo conmpensation, and
Figure 9 the hybrid circuit in accordance with Figure 8 with passive
echo This is attained by the hybrid omqsinis at¢ordarica withabe thwemteonvdepictedria

descri bed atFIEHE 4oifttbekthe asiears Rdb Retiaiets kot and, with symerty, RaEQEHcE 2o

It can be asggl iAfiae EReh f BUldt Apprdith thd'GanfRRIR Ofhe/ Vafiles bfheGedfdtorsOT 2
Rqt and Rqr (with symmetry, Rqt = Rqr) - taking into account the transformation ratios of

5 the transformer TF and the parallel resistors R1t, Rir, R2t, R2r, R3t, R3r that are
connected in series and the input resistance Rr of the receiving amplifier RX - are chosen
such that the hybrid circuit is adapted to the characteristic impedance ZI. The values of the
resistors R1t, R1ir, R2t, R2r, R3t, and R3r are furthermore chosen such that the signal
transmitted by the corresponding voltage dividers reaches the input of the receiving
10 amplifier RX without significant reduction. The value R of the resistors R1t, R1r, R2t,

R2r, R3t, R3r must then be chosen approximately 10 to 100 times greater than the value
of the resistors Rqr and Rqt, which corresponds approximately to the value % |ZI| for a

transformation ratio of the transformer TF of 1:1.

15 In Figure 6, the resistors R1t and R2t or R1r and R2r are combined into a resistor
R4t or R4r, which has the value 2R. The circuit arrangement is thus further simplified in
comparison to the hybrid circuit of Figure 4. In Figure 6, the hybrid circuit in accordance
with the invention is furthermore advantageously connected to the receiving unit RX via a
filter FR.

20 Taking full advantage of the capacities of copper cables, which still constitute the
majority of exchange areas of Telecom networks, permits implementation of services with
broad band data transmission over the existing cable network. Relatively large capital
investments in the expansion of existing cable systems are thus eliminated, at least for the
medium term. With HDSL technology (High bit rate Digital Subscriber Line in accordance

25 with ETSI-Norm ETR 152), data rates of approximately 2 Mbit/s are realized in data

transmission over copper wires (see, for example, COMTEC, Technische Mitteilungen der



transm ssion circuit above 10,000 Hz - 20,000 Hz typically lies in the

range of 135 ohns. The phase curve in this range noves in

.the region_of (.err]. Thus, conpensation of the--20 resi stance
and phase behavior of the transmssion line for the cited frequency range
can be omtted or an ohm c resistance can be used for Zb,
which is elimnated in accordance with the i nvention through

the scaling of the resistance bridge, where the symetry of the
resi stance bridge, however, nust remain intact. This is achi eved by scaling

the resj bridge in such a way that the value of the
bal anczlkﬁgégﬁ'ﬁance Zb to be adjusted approaches 25 infinity so

that the bal ance resistance Zb loses its effect on the conpensation
conponent and is thus no | onger necessary.

-4- This is attained by the hybrid
circuit in acHoraecoos 2(H90R, page 20 v Siemiens, telepins repdri GH Edition 3/95, page 11Fi gur e

4, in that the resistors Rlt, R2t, as well as R3t and, with symmetry, Rl r,
R2r, as wel | as R3r are chosen to at Ieast approach the sane

value R The val ugSn@ilidhiI®as8SprobRAs are noticed in designing @ﬂﬁSEﬂ@nﬁﬂEm&ﬁ’\Hutbs
symmetry, Rqt = Rqr) - taking into account the transformatlon rati os of

t he transf orwhich makethe ush of pewlyldeedlopedHBSbcompbentRjuesti@ble dRzequi3t , R3r
TR TR ) R R e
circuit is idnQFHIFSIC hahsiiésiin t%hie@ WifHR@HABM B ppér-cableSis\idt PEibH ortibe
only possible with the use of selected components or the performance of expensive
compensation procedures. Due to the expected future volume of HDSL technology usage
in the exchange area of Telecom systems, such adjustments, which for the most part take

10 up a lot of time, should definitely be avoided.

The invention thus has the task of specifying measures that make it possible to
realize, without case-specific adjustments, transmission routes for high data transmission
rates using copper cables as they are found in the exchange area of communication

15 systems.

The solution of this task is achieved through the measures cited in the

characterizing part of claim 1.

20 Copper cables of varying lengths and diameters, as they are found in the exchange
area of communication systems, can be used for the design of HDSL transmission routes
by implementing the measures in accordance with the invention, which can be achieved
with low expenditure, and without requiring adjustments of further components of the
transmission systems to the cable characteristics. In addition, the use of commercially

25 available components of the transmission system (for example, commercially available

HDSL components) becomes possible for practically all copper cables which, due to their



resistors Rt, Rr, R, R2r, R3t, and R3r are furthernore chosen such that
t he signal transmtted by the correspondi ng vol tage dividers
.reaches the input of the receiving 10 anplifier RX w thout
significant reduction. The value R of the resistors Rt, Rr, R2t,

R2r, R3t, R3r nust then be chosen approximately 10 to 100 tines greater

t han the val ue of the resistors Rgr and Rqt, which
corresponds approximately to the value [err ZI for a
transformation ratio of the transforner TF of 1: 1. 15

In Fi 9%164%08596 resistors R t and Rt or R r and R2r are conbined into a
resisto R4t or R4r, which has the value 2R The circuit
arrangenment is thus further sinplified in conparison to the
hybrid circuit of Figure 4. In Figure 6, the hybrid circuit in accordance
with the invention is furthernore advantageously connected to the receiving
unit RX vi a lengths and diameters, can e ysed for HDSL Gransmission routes. Taki ng full
advant age of the capacities of copper cables, which still constitute the
majority of exchange areas of Tel ecom networ ks permts inplenmentation of

services with The inyention is des@ﬁlﬂﬁqn BRRélaétat Bel@)m%ys(ﬁ‘eﬂﬁlnm ¥ith 8 aid of

exi sting cable network. Relatively |arge capital

| nvest ment s amillusteationpShesvmoareof exi sting cable systens are thus elininated,
| east for the mediumterm Wth HDSL technol ogy (High

b| tS rate Digital Subscriber Line in accordance 25 W th ETSI-Norm

ETR 152), daggyfedt €S Ofurddd¥oPitle ¥Rl éfte%uMUnt AsSa %@n&p@#ﬂeqﬁend Nofidhted

transm ssi on Oover copper wires (see, for exanple Technl sche
Mtteilungen der copper cables with dﬂ’Ferent lengths and Ime dlameters
"o Figure 2 a possible embodiment of a filter provided for dynamic clipping,
Figure 3a the block diagram of a known HDSL-transmission route,
10 Figure 3b the block diagram of an HDSL-transmission route in accordance with the
invention for simplex operation,
Figure 3¢ the block diagram of an HDSL-transmission route in accordance with the
invention for duplex operation, and
Figure 4 curves for the signal attenuation, as a function of frequency, of two copper

15 cables of equal length and equal line diameter.

In the exchange area of Telecom networks, there are copper cables which differ
with respect to length, insulating materials, as well as the spacing and diameter of the wire
pairs and thus have differing circuit characteristics (amount of resistance, inductance,

20 capacitance, leakage per unit length, as well as characteristic impedance). Typically,
copper cables with lengths of up to 7 km and diameters of approximately 0.4 mm to
1.4 mm are present in the exchange area of communication networks. Problems
implementing HDSL transmission routes with standard components have been solved
hitherto by case-by-case adjustments to match the copper lines to be used. In certain

25 instances, a suitable line was selected from several lines after test trials.



CH Tel ecom 2/1997, page 29 or Sienens, telecomreport, CH Edition 3/95,
page 11). I n individual cases, problens are noticed
...L.h designing HDSL transm ssion routes whi ch nake the use of
new y devel oped HDSL conponents questionable or require 5

adjustnments within the transm ssion system |In particular, it was
established that the construction of HDSL transm ssion
routes with certain copper cables is not possible or is only
possible with the use of sel ected conponents or the perfornmance of
expennge conpensati on procedures. Due to the expected

fut ure MOABRS%f HDSL t echnol ogy usage I n the exchange area
of Tel ecom systens, such adjustnments, which for the nost part take 10
up a lot of time, should definitely be avoi ded.

The invention thus has the task of specifying neasures that nmake it
possible to By means of anapalysivef problems that bad arisepdt ks surpdsingly deternined
transm ssion &g@tes for ' rat.es. usi

hi gh, data t i ] . .
coppor cabl dba6Ee ORED afthe BGhEm sencrailiisdiot fe Atienuation of 2 tapsiSHPT S in Bt

systens. rather the attenuation distortion, Wiieh, 2oUhdifgly G espdtmlly tedngl il capptr Qe
through the neasures cited in the characteri Zi ng part of
claim 1. 2@ith a relatively large line diameteCfow exarnplt) lo4 muf), whichiangused g réadizeind

di gneters, as,t.h ar nd in the exchange area o
cofmunt cat i otatyay uite TSk Hauslstor rouos e 1o ha lger et e EERL Sopi
routes example, a coppb¥ lihdRith T8akgkH BathBRr BRADWer SttdrMafiGr GmdansSoroblems t he
i nvention, which can be achi eved wth low expenditure, and
wi t hout req ucampanedsis] acoippremntine with 4 smallee dim_tqnandagtaatemﬁttemﬁpn. Specifically, it
a8 O kST Rndd i 15 SORS oF L AL  RRrent BiEld b engehSi?® ©f
copper cables with greater diameters and greéter lengths have a greater attenuation
10 distortion than copper cables with smaller diameters and approximately the same average

attenuation.

Figure 1 shows the curve of the attenuation distortion (attenuation curve as a
function of frequency) of copper cables SL1, SL2, and SL3 with diameters of 0.4 mm,

15 1.0 mm, and 1.4 mm, the lengths of which are selected such that they have the same
attenuation at a frequency of about 220 kHz. It is natural, however, that when the lengths
are equal, the 1.4 mm cable SL1 has a lower attenuation over the entire frequency range
than the 0.4 mm cable SL3, as is depicted in Figure 4. Tt can be ascertained from the graph
in Figure 1 that the 1.4 mm cable SL1 has a significantly lower attenuation in the low

20 frequency range (<10* Hz) and a significantly higher attenuation in the high frequency
range (> 10° Hz) than the 0.4 mm cable SL3. In the region of 1000 Hz, the 0.4 mm cable
SL3 has an attenuation that is about 10 dB greater than the 1.4 mm cable SL1. A signal
transmitted over the 1.4 mm cable SL1 thus has a dynamic range that is about 10 dB
greater (see dynl < dyn2) than a signal that is transmitted over the 0.4 mm cable SL3.

25 Even if the 1.4 mm cable SL1 were several hundred meters shorter and had a lower

attenuation, this could lead to problems. Specifically, the differing attenuations of the



25 avai |l abl e conponents of the transm ssion system (for

exanpl e, comercially avail abl e | - DSL conponents) becones
_possible_for practically all copper cables which, due-to-their

- 6- | engt hs and di aneters, can be used for HDSL

transm ssi on routes. The invention is described in

nore detail bel ow by way of exanple with the aid of an

illustration. Shown are: 5 Figure 1 curves for the

signal attenuation, as a function of frequency, of three

copper I ith different lengths and |ine dianmeters
Fi gure élaé%'SS;Ongssi bl e enbodi nent of a filter provided for dynam c

cl i ppi ng, Figure 3a t he bl ock di agram of a known

HDSL-transm ssi on route, 10 Fi gure 3b t he bl ock di agram of

an HDSL-transm ssion route in accordance with the i o

i nvention f ocoppenwirexSloh M & Sba are generally compensatedinyihe da@sink oftatteanisinission

di agram of an HDSL-transm ssi Oﬁl ute in . accord nce wi.th the,. .

i nvention f o?ySt(?H'p yee}(gqm EOTETQLW lcé wever, does not alter the attenuation distortion. As a
result, the line equipment or the components provided for digital signal processing must be
suitable for processing signals with greater dynamic ranges when using copper cables with

5 greater diameters. Known digital HDSL receiver components often fulfill these
requirements only marginally so that problems can crop up on occasion. The required
resolution for the digital section of the receiver circuit (digital/analog converter, equalizer)
is determined by the dynamic range of transmitted signals and those to be processed. Thus,
a significantly higher dynamic reserve is required for the signals that are transmitted from

10 the 1.4 mm cables SL1, which corresponds to the zone z shown in Figure 1.

In accordance with the invention, therefore, a filter FR is provided for HDSL
transmission routes, by which means the signal components in the low frequency range
(<10*™) can be decreased by about 10 dB. To this end, the filter FR, which corresponds
15 for example to the RC Filter shown in Figure 2 that is designed in a known manner with
capacitors Cf and resistors Rf, preferably has an attenuation curve as shown in Figure 1
(see the behavior of the line fkl). One can ascertain therefrom that the filter attenuates
signals in the range of up to 1000 Hz by approximately 10 dB. As a result of using the
filter FR, the dynamic range of the signals transmitted via the 1.4 mm cable SL1 adjusts to
20 the dynamic range of the signals transmitted via the 0.4 mm cable SL3. However, insofar
as a 0.4 mm cable SL3 is connected to the filter FR, the signal components in the low
frequency range ( <10*Hz) are not decreased below the signal level of the signal
components in the high frequency range (10* Hz - 10° Hz), which would result in a
reduced signal-to-noise ratio. Hence, in the case of the line network copper cable with the
25 smallest diameter, care should be taken when selecting the filter characteristic curve to

ensure that the attenuation in the low frequency range does not exceed the maximum



Figure 4 curves for the signal attenuation, as a function of frequency,

of two copper 15 cabl es of equal |ength and
c..equal_line. dianeter. In the exchange area of

Tel ecom networks, there are copper cables which differ W th

respect to length, insulating materials, as well as the spacing and

di aneter of the wre pairs and thus have differing circuit

characteristics (amobunt of resistance, inductance, 20

capaci tance, |eakage per unit length, as well as characteristic inpedance).
Typi cal | copper cables with lengths of up to 7 km and

di anet eP &W%promm&tely 0.4 mMmmto 1.4 mmare present in
t he exchange area of communi cation networks. Problens

i mpl ementing HDSL transm ssion routes with standard conponents have been

sol ved hitherto by case-by-case adjustnents to match the
copper | i nesattenubdoriseirringrin eleyigh freqifency range. The circiibatranpesent ia ascortiaizke
line was selected fromseveral lines after test trjals. .

-7- with the invention can thus be used for alglpid.gopper ¢abledlaralS} S §mmepr obl ens

that had ari ﬁﬁeﬂ:ce %blmhﬁﬂéﬂ{#igﬁ%sﬁggﬁ{cﬁ@% ,? es SL.3 with tl%mner dianfedds. the

origin of the ener a enuatl on transn1SS|on
circuit, but

5 Figure 3a shows the block diagram of the HDSL transmission route known from
COMTEC, Technische Mitteilungen der CH-Telecom, 2/1997, page 28, which has a line
termination HDSL/LT, that is connected by subscriber connection cables SL1, ..., SL3 to
a network termination HDSL/NT, from which individual basic access lines are led out.
Figure 3b shows the block diagram of an HDSL transmission route in accordance with the

10 invention for simplex operation. From line termination LTSX, data are sent from
transmitter units TX in simplex operation via the subscriber connection cables SL1, ...,
SL3 to network termination NTSX or to a filter FR for each one, designed for dynamic
compensation, and onward to receiver units RX. In the block diagram in accordance with
Figure 3c, the data transmission proceeds between line and network terminations LTDX

15 and NTDX in a known manner in duplex operation via the hybrid circuits GS, wherein a
filter FR is provided for dynamic compensation between each hybrid circuit GS and the

accompanying receiving unit RX.

Furthermore, the filter FR can also be advantageously used together with
20 integrated receiving units RX, which may be part of a transceiver. Suited thereto are, for
example, the components SK70704/SK70707 of the company LEVEL ONE, which are
described in the associated data sheet “1168 kbps HDSL Data Pump Chip Set”, of May
1996.

25 Figure 5 shows the attenuation curves as a function of frequency for cables with

different diameters (0.4 mm; 1.0 mm and 1.4 mm). These typically are pure copper cables

-10-



rather the attenuation distortion, which, astoundingly, is especially
strong in copper cables wth a relatively large |ine
_dianmeter_ (for exanple, 1.4 nm, which are used to realize 5
relatively Iong HDSL transm ssion routes due to the | ower amount of

attenuati on. For exanple, a copper line with a | arger

di aneter and | ower attenuation can cause probl ens conpar ed
to a copper line with a smaller dianeter and greater attenuation.
Specifically, it was determ ned through testing of copper
cabl es of g gé?erent di anmeters and | engt hs that copper cables
wth g éf‘¢ aneters and greater |engths have a greater attenuation 10

distortion than copper cables with snaller diameters and approximately the
sane average attenuation. Figure 1
shows the curve of the attenuation distortion (attenuation curve as a

functi on of aspaegeidric e nodjottymfcelepimbe vetwerkls, ISCah besseen Bod the graphithatsaldess of

gugh rTT[nh a'} ':5 H’é’f}‘ ALEeE dl@ﬁ’gteg%e a s1gn]ﬁcant[irmo“}ep gtt‘ld‘?’—?g‘%{ﬂ‘ittﬁ%wwaﬁetﬁle%ye &ﬁ%]g ;t g ]9

about 220 ki 01z ahd igfRnt VR itemiafigh i e Bigh'TRequéity rhie (> 10° Ha

are equal, the bl e SLI | ower attenuation over the ent| re
frequency r dhapecables w1th correspondlnglyrmallerhhalﬁetersnin the lp¢giorsyf3] 008414, shedbpimun ed

|n Figure 4. ]t . can be ascertai,ned fr t he h . . ip Figure
thatthe £ 16&&% i estagan e Bouut e Enih $or hsebleovithademeisr P ¢ o

' ow 20 m. [Th BRUSEIOH of 308604 12 0h€ aftémidBdnsdTEnde e RhibCaBt | Y hi gher

attenuati on |n the hi gh“frequency range (> 10[err] Hz) than

t he 0.4 nm cpbtoxirditaly 1demt1c¢leAr5@aldransrhlttbd@ﬂen—ﬁl¢ 1t41mn00ahlerthnla:1aisladynamlc

SL3 has an atten atl%\t |s about )ggiaﬁer t ha hthe14nt1g1é

SLI . A sigrfa® get at is about 10 dB gregter % X“cle%ld thap g sighalithat s trapsout P"‘Fhus
has a dynamtﬁebar}ﬂ& cabia! Hbwe P QHE d ng&nﬁ@m ¢ of the sigpals that a&r@afsﬂuédsaﬁa t@lynl <
dyn2) than a signal that 1s transnitted mm cabl e SL3.

EVen if the bk ptomadadmtmnﬁieithﬂatmlmmrﬂeqmrddwndﬂ\ednaiag-em-shguhbcmgertar(sberﬁd a
| ower

t tlon this I d. | 1.0 probl ens. .
Specifically 'etlzﬁeCIH SI"P@}E‘ E‘% tersRhplungsiec B'lf]l‘ glﬁé‘g‘aﬂd‘t‘(’“’ gp““gern%ﬂag’ Berlin
1986, page 765). Hence, a significantly more complex and thus costlier analog-to-digital

converter is required for the signals transmitted over the 1.4 mm cables.

15 In accordance with the invention, therefore, a filter FR is provided in the circuit
arrangements in accordance with Figure 6, Figure 7 and Figure 9, by means of which the -
signal components in the low frequency range (< 10* Hz) are attenuated by approximately
10 dB. For this purpose, the filter FR, which corresponds to the filter shown in Figure 7
for example, preferably has an attenuation curve as is shown in Figure 5 (see the curve of

20 the line fki). It can be seen therefrom that signals in the range up to 1000 Hz are
attenuated by approximately 10 dB by the filter FR.

Through the use of the filter FR, the dynamic range of the signals transmitted over
the 1.4 mm cable is adapted to the dynamic range of the signals transmitted over the 0.4
25 mm cable. However, insofar as an 0.4 mm cable is connected to the hybrid circuit in

accordance with Figure 6, Figure 7 or Figure 9, the signal components in the low

-11-



copper wires SL1, SL2, SL3 are generally conpensated in the data sink of a
transm ssi on system by a gain control, which, however, does
~not .alter . the attenuation-distortion. A a - — — - result, the line
equi pnent or the conponents provided for digital signal processing nust be
.suitable for processing signals wth greater dynam c ranges when using
copper cables with 5 greater dianeters. Known digital HDSL
recei ver conponents often fulfill these requi renents only
margi nally so that problenms can crop up on occasion. The required
resquHL%asé r.the digital section of the receiver circuit (digital/anal og
conver tig} %@&Iizer) is determ ned by the dynam c range of
transmtted signals and those to be processed. Thus, a
significantly higher dynami c reserve is required for the signals that are
transmtted from 10 the 1.4 mmcables SL1, which corresponds to
the zone z shegmendyragge(F¥* Hz) are not decreased below the 51gnal levelrpfah@sjgmnce with

t he |nvent|on therefore ilter [ ov fo
transmi ssi orCITRANELS i fhe qﬁggpggaqg?ﬁgp%ﬁ gﬁ'gzv}p u}drfeflﬂreml ow
frequency r aRdgced s1%nal-to-noise ratio.(<10[err]) can be decr eased by about 10 dB.

To this end, the filter FR, which corresponds 15 for exanple to
the RC Filter shown in Fi gure 2 that is designed in a known manner with

a acitors Cf and.resistors Rf r ef er abl s.,an attenuat cur

o o B Gur o TS Stcbh Sringemen? InacEdrdpact wiih S myEntn i heditp for il
can ascert ai Bidldopp& bRy tlﬁ]%lclh%SJ the bdlog Ed—@ilgﬂﬂtc%ﬁverter need not have a greategnal s
in the range of up to 1000 Hz by approxi fate B. As a result of usi ng

t he resolution. filter FR, the dynamic range of the signals transnitted
via the 1.4 mmcable SL1 adjusts to 20 t he dynam c range of the
signals transmtted via the 0.4 nm cable SL3. However, insofar

as a 0.4 nm cabl eTiRl g duﬁaﬁ@ﬂé@ﬂén@ﬁh&xﬁlih b B! Which Fa énhﬁzt% d GreiiRenent s
in the | ow ! fT equency ra%eJr( <10[cer rs] Hz) largﬂj’rilqot decr eased

bdDow t he siigikabwh &vel thedatatsbestioffMay 1996 of the company LEVEIONEfosthen t he hi gh
Feduced o 5%&0&%{%%@57@%%7% U U
whon sel oot | Pt (8Fy partoula page 8, FEFre S3hd PO, Figur 15 Br a1 2"
that the attthegatuibdepioted, ke slgml for m]lnmmﬁtedasn passetbthsougihta sexanghdet SCR, amaxi num
encoder ENC, a filter TXF, an amplifier LD, and resistors Rqt and Rqr to the transformer
15 TF. From the transformer TF, the transmitted signals are fed to an equalizer circuit ETR
via resistors Rc and Rd, a first summing stage S1, a subsequent differential stage DIFF, an
analog-to-digital converter ADC, and a third summing stage S3 connected to a digital
echo compensator. For compensation of the component (distortion component) of the
transmitted signal feeding back from the transformer TF to the receiving amplifier RX, the
20 differential stage DIFF is fed a correspondingly inverted component (compensation
component) of the transmitted signal from the output of the amplifier LD via resistors Ra
and Rb, as well as a second summing stage S2. The distortion or echo component in the
input signal is thus compensated. Complex resistances Za and Zb are provided in the
receiving path and in the correction path for adaptation to the transmission line. In the

25 case of a change in the diameter of the transmission line, the correction section achieves an

insufficient compensation of the distortion or echo component to the extent that the
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- 9- attenuation occurring in the high frequency

range. The circuit arrangenent in accordance with the

_.l.nvention.can thus be used for all laid copper cable SL1, ..., SL3, wthout
unacceptably high attenuations arising in copper cables SL3 with thinner

.di aneters. 5 Fi gure 3a shows the bl ock diagram of the
HDSL transm ssion route known from COMTEC, Techni sche
Mtteilungen der CH Tel ecom 2/1997, page 28, which has a line

term nation HDSL/LT, that is connected by subscriber connection cables SL1,
Ce SLﬁH%& a network term nation HDSL/ NT, from which

I ndivid 85@?c access lines are | ed out. Fi gure 3b shows

t he bl ock diagram of an HDSL transmi ssion route in accordance with the 10

i nvention for sinplex operation. Fromline termnation LTSX, data are sent

from transmtter units TX in_sinplex operation via the

subscri ber cempplex resistapesiZasnd|Ab are not appropriately adjusted Merepeanwhen

term nation SX.or to a filter .FR for, each ;one, .desi,gned for nam

conpenaat | on PR edinith 4 aptiatsR (sFACeR S Fm oFF BREE, gt APARHF

accor dance WdiPping) can occur at the ot W hemaldei8-digitad cbhRASNABT terthdeaemeds

between |ine and network term nations LTDX 15 and NTDX in a

known manner thahthe dgstes doesnt Saveoan adequately highiyesolutinny Alsotshoesin Figured are ghe

5 elements (see <-- IC) that are contained in the above-mentioned integrated circuits.

In Figure 9, the same integrated circuit is connected to the hybrid circuit g2 shown

in Figure 6, whose advantages are particularly clear in this case as well. The hybrid circuit
G2 in accordance with the invention in turn permits the connection of transmission lines

10 with varying diameters without circuit adjustments. Moreover, the use of an analog-to-
digital converter ADC with reduced resolution is permissible. Losses arising through
passive echo compensation and filtering can easily be compensated with the aid of the
integrated circuit IC, in that the output signal of the filter FR is fed uninverted to the first
summing stage S1 and is fed inverted to the second summing stage S2. Thus, phase-

15 correct addition of the signals present at the summing stages S1 and S2 takes place in the

differential stage.

Furthermore, the invention can also be used for hybrid circuits without
transformers TF.
20
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filter FRis provided for dynam c conpensati on between each hybrid circuit

GS and the acconpanyi ng receiving unit RX

Furt-hernore, the filter FR can al so be advant ageously used together with-20
i ntegrated receiving units RX, which may be part of a transceiver. Suited
~thereto are, for exanpl e, the conponents SK70704/ SK70707 of

“the conpany LEVEL ONE, which are descri bed i n--t he-associ ated

data sheet "1 168 kbpsl HDSL Data Punp Chip Set", of My
1996. 25 Figure 5 shows the attenuat‘muuﬂ“ﬂ’munﬂn
functi origlﬁj‘%;wuency for cables with diff t IS
(0.4 mm 1.0 and 1.4 nmm. These typically are pure copper cables

-10- as are laid in the mgjority of tel ephone
networks. It can be seen fromthe graph that cables W th

| arger dianeters have a significantly | ower attenuation in the |ow
frequency rafYyHATIS CLAIMEDIS: (<10[err] Hz) and a significantly higher
attenuation in the high frequency range (> 10[err] Hz) t han
cables with correspondingly smaller dianeters. In the region of 1000 Hz,

the 0.4 mm 1. A hybrid circuit to connect a transmitter unit (TX) and a receiver unit (RX) to a
two-wire transmission line with a bridge circuit, which has four bridge arms, each of which
5 has two resistors (R1t, R2t; R1r, R2r; R3r, Rqr; R3t, Rqt), which are specified in such a

way and which connect the two outputs (txal, txa2) of the transmitter unit (TX) and the
two inputs (rxel, rxe2) of the receiver unit (RX) in such a way that the components of the
transmitted signal appearing at the input of the receiving unit (RX) cancel each other out,
where the transmission line is connected, possibly through an interposed transformer (TF),

10 to the transmitter unit (TX) through the first resistors (Rqt and Rqr) of the third and
fourth bridge arms (R3r, Rqr; R3t, Rqt), and to the receiver unit (RX) through the second
resistors (R3t and R3r) of the third and fourth bridge arms (R3r, Rqr; R3t, Rqt) wherein
the resistors (R1t, R2t, R3r, Rqr or R1r, R2r, R3t, Rqt) of the four bridge arms are chosen
such that an impedance (Zb), to be provided per se for compensation of the impedance

15 (Z1) of the transmission line, takes on a sufficiently high value that the provided error

tolerance for the hybrid circuit is maintained even without the inclusion of this impedance

(Zb).
2. A hybrid circuit in accordance with claim 1 or the preamble to claim 1 with a real
20 or complex balance resistance (Zb) provided for compensation of the line impedance (Z1),

wherein all bridge arms are connected to the input of the receiver unit (RX) through a
filter (FR) which is chosen such that the signal components in the low frequency range are
attenuated sufficiently that the dynamic ranges dynl, dyn2 of signals transmitted over lines
with different diameters are at least approximately equal.

25

3. A hybrid circuit in accordance with claim 1, wherein the resistors (R1t, R2t, R3t,
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5 cable has an attenuation that is about 10 dB greater than the
cable with a dianeter of 1.4 mm In the region of 100, 000
Hz,.the attenuations of these two cables are i
identical. A signal transmtted over the 1.4 nmcable thus has a dynamc

.range that is about 10 dB greater (see dynl < dyn2) than.-a signal-that.is. -

transmtted over the 0.4 nm cable. However, the dynam c
range of the signals that are transnitted and to 10 (l ll ml Ill"””“l
processed determ nes the resolution required for the anal o

converter u. Tietze, Ch. Schenk,

Hal bl eiﬁ#@%ﬁh ungstechni k, Eighth Edition, Springer Verlag, Berlin

1986, page 765). Hence, a significantly nore conplex and thus costlier

anal og-to-digital converter is required for the signals
transmtted over the 1.4 mm cabl es. 15 I n accordance
wi th the i nvRht Ran Rrhef the bridge cirduit|-twdth thRekeeprionof the desistors {Bqi; Rqe mthich

arrangenments in accordance wijth Figure Fi.gure 7 and Fiqure 9. b ns
RGN LI ST TR NN R E AN T N
(< 10[err] H&/)licﬁgse%tiqt}akﬁﬁ\!‘%gﬂ& Véﬁ(%ﬂﬂﬂﬁr?fh’e%@ lo¥ the resistors (Rqt, Rqr). 10 dB. For

this purpose, t ter corresponds to the filter shown in
Figure 7 for exanple, preferably has an attenuation curve

as_is shown in Figyre.5 (see the curve of 20 . the line | )unll t
cafd be seen ?-heregﬂﬁﬁ?‘?ﬁ'g‘fu‘ts'f‘ﬁﬁ%ﬂréamﬁ“ﬂtﬁé"ar‘@r?g‘ér %W@S"'Eé@b"eﬂfm&% k't’ R2t,

att enuat ed RAAL 0 I

Thr ough thebgglgmg? Qﬂ}gﬁ f‘ﬂr%/lgt’ E%ﬁ ot?%}éé gagﬂégea?’g%}g sg%ectteﬂesu%t} tg%tailms
transmitted myedance (Zb), which should atwags be grovidedabkempensaidZpt the impedahee @Iham c
range of thegéi gnal s transmtted over tgg 0.4 25 mm cabl e.
However, i nsBftHE traasmission lmeptakes.py 2 value thahisereates thep 148 hybrid circuit in
accordance with Figure 6, Figure 7 or Figure 9, the signal conponents in
the | ow

10 5. A hybrid circuit in accordance with claim 3 or 4, wherein the series-connected
resistors (R1t, R2t; R1r, R2r) belonging to the first two bridge arms are each combined
into a single resistor (R4t; R4r).

6. A hybrid circuit in accordance with claim 3, 4 or 5, wherein the resistors (R1t,

15 R2t, R3t, Rlr, R2r, R3r) of the bridge circuit - with the exception of the resistors (Rqt,
Rqr), which connect the output of the transmitter unit (TX) with the transmission line -
are chosen such that the signal level of the transmitted signals is reduced as little as

possible.

20 7. A hybrid circuit in accordance with claim 3, 4, 5, or 6, wherein the resistors (Rqt,
Rqr) of the bridge circuit, which connect the terminal of the transmitter unit (TX) with the

transmission line, correspond to approximately one half of the value of the line impedance
@n.

25 8. A hybrid circuit in accordance with one of claims 1 - 7, wherein, for a bandwidth

of the transmission channel of several 100 kHz, the filter (FR) has an attenuation between
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frequency range ( <10[err] Hz) are not decreased bel ow the signal |evel of

t he signal conponents in the high frequency range (10[err]

.. Hz - 10[err] Hz), which would result in a reduced
signal -to-noise ratio. 5 The circuit arrangenent. .i-n--—
.accordance with the invention can thus be used for all | ai d

;ogp:;t g?bl es, in which C?Ziof B;ai ngal og-to-digital convertﬂ“\mmmmﬂ“mm\

arrangement shown in Figure 8, which has an active hybrid ci*rcfit"G" 10
is known fgg%%)éhe data sheet of May 1996 of the conpany LEVEL ONE for the

corrpone‘?ﬂtGé 704/ SK70707, which can be used as "1 168 kbps HDSL Data Punp
Chip Set" (see in particular page 8, Figure 3 and page 26, Figure 13 of the
data sheet). In the circuit depicted, the signal to be
transmtted is passed through a scranbler SCR, an encoder
ENC, a filte¥dBxad 15dBadnphs region of the fastdlOrlddi.st ors Rqt and Rqr to the
transforner 1 5 TF. Fromthe transformer TF, the transmtted
signals are fed to an equalizer circuit ETR ~viaresistors Rc

and Rd, a figst sgg;gtﬁwciﬁéuﬁq&ﬁ%&%%gé%ﬁ%ﬂugf‘&laﬂsﬁf —Sﬁﬁ?ﬂég@in tht AQeive! il @n

anal og-to-digital nverter A a third sunm ng 'stage S3 connected to
a digital (RX) has two inputsethitomaydrepamsedted to ddiffereotig ataga (DTF) dhrougleinput
copgponent (distgortion copponent), of fhe ) i ransm tted si gnal
f eddi ng backaPRIgiTs Wéeﬁertgggwa%%emﬁr} the fifta(FRY defed ilwgrtaﬁsrtn theifist mpkt apdle. 20
differenti al e S of ndi L onponent
(conpensat i otr%lébﬁ%t Bbﬂio*‘?he ﬂ%{)ﬁ)@ﬁé%t ; o‘ﬁg{ftﬁtg{c%/trhgﬁg(%lh?t élﬁsi gnal fromthe
output of the anplifier LD via resistors Ra and Rb, as wel |
as a second summ nggglté‘gge S2. The distortion or echo con‘gqnent in the

i nput si gnal 1@s t4 FiFrauida pecprdansepiibyelan O, wherein theybgd girouit iy o

provi ded in : : eVl i C ction path
for adaptati %(ﬁﬁ?%eq hoeantl}1 ?ﬁgartr?ds%fcgﬁ%llflyﬂrleg?p ?%k?%@ag?rﬂ Rl ef\]ﬁ;“gase of a

chénge in the dianeter of the transm ssion |line, the correction section
achi eves an
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insufficient conpensation of the distortion or echo conponent to the extent

that the -12-
.conpl ex resistances Za and Ab are not appropriately adjusted. Mreover,
when . wooszzgs  transmission lines with [arge di amet epgricgioes 1. 4
.mm) are chosen, signal distortions (clipping) can occur at

the output of the analog-to-digital converter ADC to the extent

that the latter does not have an adequately high resolution. Al so shown in

Figure 8 are the 5 el entits (see <-- 1C) that are contained in
t he above-nentioned integrated circuits. In Figure
9, the sanme integrated circuit is connected to the hybrid circuit g2 shown

in Figure 6, whose advantages are particularly clear in this case as well.

The hybriggci rcuit & in accordance with the invention in
turn permts the connection of transm ssion |lines 10 W th
varyi ng ot tefss W thout circuit adjustments. Mreover, the use of an
anal og-t o TX | drgrta ONVET ter—7 Vi educed resolution is
perm ssi byl e. ari sing through dsi ve echo
conpensatj on tering can easily be conpensated h the aid of the
integrated cijcuit] {®1tin that the output signal of the|fRdtter FRis fed
uni nverted tqg the KEilrst R
R2t {RX o1 R3t TF
m zl
R3r - .
Rar
txa2 ¢
Fig. 2
logi 2t
1000 [
100 J-o e e e T
103 104 105 106 -
log f
Fig. 3 o
-45°
103 104 105 106

log f



summ ng stage S1 and is fed inverted to the second sunm ng stage S2. Thus,

phase- 15 correct addition of the signals present at the
_sunmi.ng stages SI and S2 takes place in the differenti al
st age.. wo 98/43385 Furthernore, the inventi orparanHed/®o770e used
.for hybrid circuits w thout transforners TF. 20
-13-
2/6
Fig. 4
TX txal
2 T
R1=R D Rqr
: 2R I
txa2 Py
Fig. 5
TX —&
DRM:ZR Rqt
RX l R3t=R TF
g I
FR 1
Rr ~ Zl
AN
: Y - R3r=R @
[ ‘I | @
[gmr:zR Rar
——




VWHAT IS CLAI MED | S: 1. A hybrid circuit to connect a
transmtter unit (TX) and a receiver unit (RX) to a
_two-wire transmission line with a bridge circuit, which has four bridge
arns, .eaghogfszmBich 5 has two resistors (Rt pc@tosBion7 R2r;
,R3r Rgr; R3t, Rgt), which are specified in such a way and
whi ch connect the two outputs (txal, txa2) of the transmtter unit (TX) and
t he two inputs (rxel rxe2) of the receiver unit (RX) in
such a way that the conmponents of thé transmtted signal
appearing at the input of the receiving unit (RX) cancel each other out,
where the transmission line is connected, possibly through an interposed
transforner (TF), 10 to the transmtter unit (TX) through the
first reE8stors (Rqt and Rqr) of the third and fourth
bridge arns (R3m0, dBRqy; R3t, Rgt), and to the receiver ung§y (RX) through the
second eS|stors (R3tand " R3r) ot t-he, th| rd and fourth
bridge arms (R3r, RaifilikH ~Aher ei n », the resistors
(RI't, R2t, R3r, Rqgr Qs i Rqt) of the four ‘bridge arfs are
chosen pedasicie(1(44tn,/ 18@mhe provi dad per se
for conpensation of 1 (ZlI) ofithg transm ssion
line, takes on-3 suffliciently h| gh'?ii ue~t et he provi déd eyror )dyn2
tol erance for the hyhrl d ci I nt..,arne even W t hout wtkgnfi/ncl usi on
of this inpedance é&%tcm ig?‘ m) e 2. hybri d
circuit in accordancg wnth% a@m ?r the’reanh e to clalml w tth a real
20 or cqnpl ex = Qrfeam éMtance (Zb-. provi ded ffor |
conpensati on of4& he Iji ne i npedance (Z1), ] “ wherein al |l
bridge arns are’'conndcted to the input of the recel We~.unit (RX) through a
filter (FR) which is|chosen such that the signal conponénts in the |ow
frequency range are attenuat ed sufficiently that the
dynam ¢ ranges dynl, ' }
with different dianmeters are g3 east @@‘br oxXi matme#iy equahgb

220 kHz log f
Fig. 7
0dB | : SL1 (1,4 mm/ 4 km)
20
—
1 SL3 (0,4 mm /4 km)
-40 1 '-._
103 104 105 108
log f
Fig. 8 e
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25 3. A hybrid circuit in accordance with claim1,
wherein the resistors (Rt, R2t, R3t,

-14- P16480. S02 Rr, Rr, R3r) of the
bri dge cwiocegid3zss Wit t he exception of the resistors (Rqgt PCRYIHS8/00877Ch
~connect the termn of the transmtter (TX) with the transm ssion |ine -

" have the value R which is at least five tinmes greater than
the value of the resistors (Rgqt, Rqr). 5 4, A hybrid
circuit in accordance with claim| or48, wherein the resistors (Rt, R2t,
R3r, Rgr or Rir, R2r, R3t, Rqt) of the four bridge arns are sel ected such

t hat an i npedance (Zb), which shoul d al ways be provided to
conpensate for the inpedance (Zl) of the transm ssion |ine,
takes on a value that is greater than 10 R 10 5. A
hybrid cifi@8kt in accordance with claim3 or 4, wherein the
seri es-connect ed resistors (Rt, R2t; Rr, R2r) bel onging
to the first two bridge ar are each conbi ned . _
HDSL /LT HDSL/NT|" 84 kbit/s
L1
G.703/G.704 ™ o~ RX
——— SL2
2.048 Mbit's RX = —,
2,048 Mbit/s
Fig. 9b
LTSX NTSX n* 64 kbifs
~SL1 —
G.703/G.704 LR FR HRX
~SL2
2,048 Mbit/s RX} FR TX
2.048 Mbit's
Fig. Sc
LTDX NTDX
~SL1 * 64 kbit/
% Hes ’ asHix] |" e
RXHFR FR HRX
G.703/G.704 ~SL2
2,048 Mbit's | |TX [{GS GS HTX
- _
RX HFR FRRXY | 2,048 mbits




into a single resistor (R4t; R4r). 6. A hybrid circuit

in accordance with claim3, 4 or 5, wherein the resistors (Rt, 15

R2t, R3t, Rr, R2r, R3r) of the bridge circuit—wth the exception of the
resi st or ayoBgk3385 Rgr), which connect the ouRGICH®S/000TR

trransmtter unit (TX) with the transm ssion line - are

" chosen such that the signal |level of the transmtted signals is reduced as

little as possi bl e. g 20 7. A hybrid

circuit in accordance with claim3, 4, 5 or 6, wherein the resistors (Rqt,

Rgr) of the bridge circuit, which connect the termnal of the transmtter

unit (TX) wth f&he transm ssion line, correspond to
appr oxi mat eby{oRe _pal f of the value of the |ine inpedance o
(21). 25 8. A hybrid circuit in accordance wt h‘;one of
claims 1 - ¥, wheref{n, for a bandw dth of the trahsm ssion
channel of geveral JL00 kHz, the filter (FR) has an attenuation between
-15- w
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5 dB and 15 dB in the region of the first 10 kHz. 9. A

hybrid circuit in accordance with one of clains 1 - 8, wherein the receiver

_unit (RX) has two inputs that may be connected to a

di f f er enticeds/assssge (DI FF) through input 5 anpCTOoHEBA07Rher e

~the output signal of the filter (FR) is fed inverted to the first input and

“the output signal of the filter (FR) is fed uninverted to the second input.
10. A hybrid circuit in accordance with claim9, wherein the hybrid

circuit is connect ed t 8%an int egrated circuit of the type
SK70704 from LEVEL ONE. 10

N

Fig. 11
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{57) Abstract

™

The present invention concerns a hybrid circuit which serves to
“Zonnect a transmitting unit (TX) and a receiving: unit' (RX) to a dou-

ble-conductor transmission line and has a bridge connection with four bridge fx

branches each with two resistors (R1t, R2t: Rir, R2r; R3r, Rqr; R3t, Rqp) : R
which are so designed and so connect the two outputs (txal, txa2) of the [1"' Y
transmitting unit (TX) and the two inputs (rxel, rxe2) of the receiving unit L
(RX), that the components of the transmission signal which arise at the in-

put of the receiving unit (RX) cancel each other out; the transmission line is
connecied under optional cut-in of a transmitter (TF) via the first resistors
(Rqt and Rqr) of the third and fourth bridge branches (R3r, Rqr; R3t, Rqy)
with the transmitting unit (TX) and via the second resistors (R3t and R3r) of
the third and fourth bridge branches (R3r, Rqr; R3t, Rqt) with the receiving
unit RX). According to the invention, the resistors (Rit, R2t, R3r, Rqr and Rlr, R2r, R3L respectively) of the four bridge branches are
selected so that m-pcdance (Zb) provided to compensate impedance (ZI) of the transmission line takes on a value high enough that the error
tolerance provided for the hybrid circuit can be adhered to, even without building in this impedance (Zb). Preferably, the hybrid circuit is
connected to the input of the receiving unit (RX) via a filter (FR) which serves to equalize the dynamic range (dynl, dyn2) of the signais
which are transmitted over cables of differing diameters.




