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20 A conventionalmodem uses a voice band transformer in its DAA to provide The eledrical
isolation barrier. The transformer carries both the transmit signal and the receive signal. The
separation of these two signals is done using a hybrid circuit of a type used to couple
four-wire to two-wire circuits. Hybrid circuits are well known in the art and have four sets of
terminals arranged in two pairs designed to produce high loss between two sets of terminals

25  of a pair when the terminals of the other pair are suitably terminated. A modem using a
voice band transformer DAA is known for its high reliabiity. However, the voice band
transformer must handle low frequency (LF) signals from around 100-4000 Hz.

The primary source of distortion in a transformer is non-linearity, which causes signal
harmonics. For voice band signals, many of these hammonics fall within this same 100-4000
30 Hzband. Signal harmonics are characterized by unwanted energy at multiples of the
desired signal frequencies. So, the signal frequency component at 500 Hz will cause noise
at 1000 Hz, 1500 Hz, 2000 Hz, 2500 Hz, 3000 Hz, 3500 Hz, and 4000 Hz; all within the
desired signal band. On the other hand, if the signal is modulated fo a high frequency, say 1
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division multiplexing method will destroy the self-clock ability of the signal. Therefore the
clock signal has to be carried by a different means, typically using another transformer and
25 adding further expense to the product. Another disadvantage of digital or pulse transformers
is that they must be operated in their saturation range, requiring more power than similar

transformers operated in their non-saturated (or "linear") range.

Another approach is to use capacitive coupling. This approach uses one or more high
voltage capacitors as The electrical isolation barriers because a capacitor typically exhibits
30  good linearity. Therefore, separation of the transmit signal and the receive signal using a
hybrid circuit is possible. On the other hand, a LF voice band signal, required in modems,
requires a large capacitor. Such a high voltage large capacitor is expensive. Therefore,
some means are used to modulate the signal to a higher frequency to reduce the capacitor

requirement.
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the coil turns, and the higher the signal frequency, the more linear the transformer. Or to

achieve the same linearity, smaller signal power and higher frequency will resultin a smaller

magnetic core with fewer coil turns, leading to a smaller and less expensive transformer.

The current invention uses two approaches to achieve a low cost, reliable electrical isolation
25  barrier using a single high frequency (HF) transformer. First, we can add an amplifier at the
line side of The electrical isolation barrier to reduce the power requirement of the

transfomer.

Second, we use some means to modulate the signals to a higher frequency. Ata higher
frequency, any harmonics resulting from the transformer non-linearity are out of band.
30  Simple means can then be used to remove any remaining distortion from the transformer

non-linearity.

Unlike the digital or pulse transformer, the HF transformer is not driven to its saturation
range. Therefore, less power is required to operate the invention than is required by



The current invention uses two approaches to achieve a |ow cost, reliable
electrical isolation 25 barrier using a single high frequency (HF)
transf or nwo.03B98684 , we can add an anplifier at the |ine ®CEAS03/14Dine
electrical isolation barrier to reduce the power requirenment of the
transformer. Second, we use sone nears to nodul ate the si gnal s to a higher

frequency. At a hi gher frequency har in e
t r ansf ocadentieial 'ﬁP'ﬁ@H‘er%F'Sé!?'ég S{Qtta'(ﬁ’l" p%‘ n%@"%?nﬁﬁgu[%%ﬂ?gat@% t'ﬂpen be used
tor enDYr‘éns"fBNndrﬂﬁ%'hﬂbé@aﬁb&ﬁ Rrgoksible forara ﬁrdlemttaadlsa’cewerelgnalsntnrbel Gamrgealr i ty.

Unli ke the d| ransf [ driven
toits §5‘EL&‘P &byrazf‘ﬂﬁge trapﬁ F’é‘?ro‘fy@' ﬂthberQgeﬂrs:té %&?Zﬁqt%?w%o %i%ecg%{‘asr ate the
i nvention than i s required b V\D 03/ 098644 PCT/ US03/ 14949 4 conventi onal

i sol ati @Rl i ) ' bse transfornmers. Also, by operating the

HE - 4r a%@g?éyéﬁt lh\yénhcsrﬁcaln'ﬁé%&err u'i‘a'aGr%tooU fwith %f&@ﬁ@l to ke cfr@dinngﬁhatérans mt and
receive si

nal s be carried rrH C%&a}neougtg%/ a SI ‘H‘:’ nsformer, with
HF hybru@eraqqd@en"tl%traf%of&é?i@meéofﬁ@ PR PLBE INYFYon @ | PTI ON OF
THE DRAbASREred fmmmn@mpé of e @iventon. (Taelriventbemangeu Iadmrtsf emaliy t h
reference to the. i at .ar lustrate only exanples of
enbodi n@%ﬁ%t'VSFggﬂ %%‘%f’l‘%’ﬂ \&h%’u(?de a'Pt ﬁﬂtstsgc%éna dered to limt the
scope of the invention. The invention g/ adm t of eaﬂ I effective
addi t i orfig. 1didstiatiesre ntier af voirgband BaRsTaMeY #SPSPMCJJC%B‘H&C"“ g’f 1 illustrates

a priQor @kdits¥er GRvdrith folidRisd Qrcieto Pawadrddbuiti rcuit, including hybrid 1lo
circuits for converting a four-wire circuit to a two-wire circuit. Fig. 2

| | ust HF
L ans ot RRGh AL CEOPHLO AN RGN DeRFA P rlSoREren

illust raetoesrdmthemEchlggaofsthlagiventHF transforner isolation barrier and
hybrid circuits to convert four-wire circuits to two-wire circuits, where

t |h|e CtCDﬁfng 'ﬁlldsgﬁA%E %‘bﬁ@ﬂﬁdlﬁgeé érin k? HFlﬁ@néf&'n&‘éf&b@ﬁMSbaﬂmr@hd eybridrgreuisitg ]ft N
illustrates a usi n ra r ne for
and one gogyert fR){r‘W\/%%?CE%ttﬂg”merq "@‘85‘? @8 C@ﬁ oca%@ g&z@@? em si de

Ci rcu t rgystef ide @rclitry.ustrat es a connection bet vveen a SI ngI e HF transfornmer
and two hybrid circuits useful in Fig. 3 or Fig. 6. 20 Fig. 6 illustrates

8 DAA Usig ifhsbhiBOh BARFGsG ARSHP RS0 P |sBlelisHbdhiéis 1 oRe fG# X drphbdorci rcui ts
° RX, where the CODEC is located entirely in the system side circuitry.

Fig. 5 illustrates a connection between a single HF transformer and two hybrid circuits useful

in Fig. 3 or Fig. 6.

20  Fig. 6 illustrates a DAA using a single HF transformer isolation barrier and hybrid circuits to
convert four-wire circuits to two-wire circuits, where the CODEC is distributed between the

line side and the system side circuitry.

Fig. 7 illustrates a DAA using two HF transformer isolation barriers, one for TX and one for
RX, where the CODEC is distributed between the line side and the system side circuitry.

25 Fig. 8 illustrates an example circuit for delivering power from the system side circuit to the

line side circuit.

Fig. 9 illustrates a multiplexor useful in our invention.
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clock signal fo multlply the signal from the HF transformer 24. The clock used by the

demodulator 26 may be derived from the signal, or may be provided across a separate

isolation barrier, as illustrated in Fig. 8. A simple low pass filter may be incorporated in the

demodulator 26 to remove hamonic distortion caused by the HF transformer 24. The output

25 signal 27 is substantially the same as input signal 21.

Figs. 3 and 4 illustrate the use of the invention in a DAA application where the system-side
circuitry contains the CODEC. First, the TX signal path in Fig. 3 will be described. Modem
signals to be transmitted on the line are sent in digital form from the modem system to
CODEC 33, which converts them to analog form and sends them to MUX 32. The Control

30  Signal Generator 31 sends control signals in analog form to MUX 32. MUX 32 combines the
two analog signals into one "base band" signal. In a preferred embodiment, the two signals
are separated in frequency, and can be combined by a straightforward summing circuit. The
combined signal is sent to the Modulator 36, which shifts the combined signal to a higher
frequency, resulting in a "pass band” signal. The pass band signal enters the High

35 Frequency Hybrid 38, which interfaces both the pass band TX and pass band RX signals to
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Hybrid 38. The pass band RX signal is then passed to the Demodulator 37, which shifts the

frequency of the signal back to the base band. The base band signal is sent to the De-MUX

25 34, which separates the status signals from the RX line signal. The status signals are sent

to the Status Circuits 35, which convert the signals into digital indications for the modem

system. For example, these digital indications could be in the form of a ring indication, or

bits in a status register. The RX line signal is sent to CODEC 33, which converts itinto a

digital signal for the modem system.

30  The operation of the DAA illustrated in Fig. 4 is very similar to that of Fig. 3. In this case,
there are two HF transformers, one for the TX signal path and one for the RX signal path.
Because of this separation, no High Frequency Hybrid circuits are required.

Figs. 6 and 7 illustrate the use of the invention in a DAA application where the CODEC
circuitry is distributed between the line-side and the system-side. The analog portion of the
35 circuitry is located on the line-side, and the digital portion is located on the system-side.
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The Line Interface 80 is connected to the telephone network.

25  Now, the RX signal path in Fig. 6 will be described. The analog RXline signal from the
telephone network enters the Line Interface 80. From there, it is sent to the Sigma Delta
CODEC Analog Portion and LF Hybrid 77, where it is separated from the TX line signal and
converted to an oversampled 1-bit digital form. The oversampled 1-bit digital signal is then
sent to the MUX 78. The Status Signal Generator 79 sends digital status signals to the MUX

30 78. These signals are generated based on conditions in the Line Interface 80. MUX 78
combines the two digital signals into one digital signal. MUX 78 includes framing circuifry to
facilitate synchronization in the system-side circuitry. The combined signal is sent to the
Modulator 74, which uses the digital signal to modulate a high-frequency analog signal,
resulting in a pass band signal. The frequency of the Modulator 74 is locked to the

35 frequency of the Demodulator 73. The pass band signal enters the High Frequency Hybrid
72, which interfaces both the pass band TX and pass band RX to the High Frequency
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on the system side and frequently updates the control signals on the line side. This way, the
line side circuitry just follows the control information on the system side, therefore logically
25  forms separate control circuits. The line side circuitry only keeps the control state until the
next update. The time between updates, which may be variable, is typically on the order of
microseconds. During a disruption, the control state may be temporarily corrupted on the
line side. However, subsequent updates will restore the control signals to the correct states.
In the event the update stops, such as if the system side suddenly powers down, the line
30 side circuitry will restore its control signals to a default state. This will prevent one drawback
to the programmable schemes, where the line side circuitry remains in a wrong state when a

disruption happens in the system side.

Multiplexing of Control/Status Signals with Line Signals
In order to reduce the number of HF transformer isolation barriers in a DAA using our
35  invention, preferred embodiments use multiplexing schemes to combine the TX and RX line



formof aring indication orbits in a status register. The oversanpl ed
1-bit digital RX line signal is sent to Sigma Delta CODEC Digital Portion
63, whichwomamessis it into a digital signal 1o for the mpdemssystvem The
operation of the DAAillustrated in Fig. 7 is very simlar to that of Fig.
6. In this case, there are two HF tr@nsforners, one for the TX signal path
and one for the RX signal path. Because of tE ara t%n d&g}ﬁi gh

Fr equensignplg with goetral ang/erstapesignalfyi Yeigai sYIte 'gfasr B mulieles Pol 15
Manydl ntmfn@%%apérﬁd éiatU§§|ghél§ @Efnﬁltﬁﬁ]bmﬂm'th tHe RX liyreadignal. dn DAABlsucloas rol , | i ne
| npedance contr | ke. The ntroI
signal s “l“?er‘ttﬂstﬁﬂjw dg%araﬁﬁﬁe |ogtrw£fspi§ eges%f]%rll;’%e&ﬁ'%eé %ﬁ@% E%p%o

r emenbersaghntiyg dffsynklisméth sinftéeend:irecmencwqontelﬂbv@ﬁeiem ulfiplexiag tsrﬁeccommlﬁee% i de
'Olrtcggértpégtgiﬁerooram ¥ tiﬁe &EE?PF £% \Mb‘?? E'smﬁlew-ﬂ*ﬁ"é’]‘ﬂ?ormgﬂ |§ﬁé§21tW|tHMF)ﬁythe l'ine

I ne vol tage revers rupt the

al
st at e ofcirtiits, @tﬁmantdreqye@lﬁ;@e USPQ f@cﬁ%‘é‘i’itaﬂéﬁfﬁusv%@attﬂ&e W\Btf@ﬁt g'sédenst such

corrupt 'o%@sﬁétf‘caﬁéé&tﬁutusidne&&hél&héﬂ%econtrol signal state during such
di sruption, or providing power at |east partially fromthe systemside. In

the cur ngpiaAYRERES Mdse Mustie in Bigpreaat’, iadigisbdultipieting shembeisrused hg cont r ol
Zf SLSI Isn%%{a%% e&g%démgnta e‘lehelsﬁgl a?mlf‘blgﬁﬂggg\efr{e%gtfﬁgﬂtd\é WAL RS Mg control

circurtry just follows
t he montmeﬂhanemdomnlnmam)taheeotay@sl‘emrﬁlgjea Deltpefieakg @ Ve g intAPeR© 25 f or s

separ at eirﬁ[?lﬁyi ﬂBJ;k-r%bé\}ew QNE *forge"ﬁ"le Iblt Rfte Bf lﬂ@ nfuitipfebted 8ta Qﬂie&’adﬁﬁt@@ér rﬁllﬂﬁpl@ ontrol

state u next ate. The tine betwe

vari abl f thesSigppiDelin P'?Cbrﬁtet Hea BF‘?f%Fedcﬂmboﬁi"Eﬁn MH‘E@GXG&H\W?{% 13 Jgglpgr uption,
the contihe btgﬁta@@tarﬁayatbe Thie Meahsthiat halfcss tHelits @othe multipiexed datestgdageareHowever
subsequent

rest re .t he ol t at es
In the e?\‘)’é‘ﬁ"t‘%?ﬁéc?mr&gﬁt glug AL m.g%C%E%ﬁé@£¥%gg§ S enl%ﬂss (glegu c?gﬂ ?/‘Spowers
down ;s t hisit Bel used B tise digltatsugnajtandwsmgm therother bitssfor framipg Afd eantrelsiids s to a
def aul t state This will prevent one drawback to the progranmabl e schenes,

wher e thg, Ei?d@?téi‘%. gRblE GHY és%t‘xfnécﬁt%bﬁénddﬂtl)adlﬂtﬁ@ngd $§ anc0'wivdth na fradiirgy upt i on
happens |n t

f Co 1/ | h
LT he S gRahited ThoRiSs. oo iR B 3 En AR B R Pa e e aRe R 2 o
barrier Smfoﬁn@tldaA@n@Snaﬁﬁhgmeth&ﬁmamerbelused ispo gfoep thedstatuiesuiratdnforanatior
nul tipl ethan% gnﬂgie, Foqrgg@mmt,,hrt%ct Q?tr ﬁbﬁé‘ d?@éehé&‘ﬁyé/‘@éﬁé/ﬂ%‘?ﬁ@éé are

PCT/ USO3T con [for status SI na s %‘{& cally,
cont ol megmusbyame)mgl fThe bynekignigation m%amwcenm fargrdp 1's Fgw

si gnal s @{fydidth tHeH A2 Arn Selternt8n By bt fetiogBalignmient @% fgarsay titer@s no
chance for the status/control information to mimic this pattern. It is possible for the 1-bit
digital signals to mimic the pattern, but due to the random nature of those signals, the
subsequent frames will not mimic the same pattern. Only the true frame sync bits will
25  consistently match the pattern. The framing efficiency of this scheme can be calculated as
n*N/(n+1)*(N+1)].

To illustrate the multiplexing and framing concepts, consider that the frames are based on 32
bits. We choose n = 3 and N = 3, so the frame consists of 16 bits digital signal, 7 bits
framing, and 9 bits status/control. The resulting bit stream can look like this:

Bit O |01 |0 |03 |0 |05 [0 JO7 |0 |09 [1 [11 |1 |13 |1 |15
dat | O 2 4 6 8 0 2 4
a Fo |IDD |F, |DD |F, |DD |Fs |DD |F, |DD | S, |DD |S; |DD | S, | DD
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i |1 ust r adirectiane Thislis Pesiaess the PalAtLY of BRERY %@W&@b‘f’gertagbr?g\ef?e%re h?gi’ the franes

are base&sgﬂlei’p%lrsbﬂfﬁaﬁae é%cg hét reed thesd rdyuirerBentss dOrichaxafmpleri® consi sts of

16 bits di g |gna its framng, and 9 bits status/control. The

resultin 5% 5¢P%am can 1 ook like this: Bt 0 01 0 03 0 050 07 0 09 1 11 1
13 1 15 dat02468024aFODDF DD EZ E3 5499351\935,,1552
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dat [FO /D |F1 |D |s0 |D |s1 |D |s2 [D |s3 |D |84 |D |F2 |D
D D D D D D D D

a

Bit |16 [ 17 |18 |19 | 20 21122 |23 |24 25|26 27 128 |29 |30 31
dat [/F3 |D |S5 |D |s6 |D |F4 |D |87 (D |F5 D |S8 |D |F6 D
a D D D D D D D D

DD = 1-bit digital data stream

For one direction, [FOF1F2F3F4F5F6]=00000 1 1
For other direction, [FOF1F2F3F4F5F6]=01000 1 1
Sn = nth status/control bit

20 Forthese frame sync patterns, the synchronization mechanism must check all 7 frame bits

for their correct alignment within the 32-bit frame.

The digital multiplexing scheme described above can be further understood by reference to
Fig. 9. In this figure, a multiplexor 91 has two inputs: one for control or status bits 92, and



Bit 117119 221 223 225227229331 dat 6 8024680 aF5DDS3
DD S4 DD S5 DD F6 DD S6 DD S7 DD S8 DD DD = 1-bit digital data stream

[ FOF1F2F3W0m3MA36#4 1111000 Sn = nth status/control bit ForcCerisosiiaments of
the invention according to Fig. 6, it is desirable to have a different
frame 5 sync pattern for the TX and'RX directions, chosen such that it is
not possible for either attern to occur in an e the High
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circuits reduc

e el R bbbt B HPICReh U PRGN Bl es Milofianor remove

possi bi }frammga‘hgmmedtcpoﬂhcmg)ftr@ ftdnung:mmmthé\tlfodﬁlmqnmmaé@fgiﬂirthef?rt@i%R}UX 62; it

.SQO;:SSO%glat al Bg%%eq’r E‘r%ﬁ gtlft Q%OGmEIfH% 1-&98‘8&&6@@19%&@} the 'nﬁéHialavérr%m MUX 78. It

1810 ync patterns t hat B I nary
i nver se Tok lm@amrr%dﬂlfe@ﬁlt@fdslw*?tbebaftt{“éfrﬁ”@%ﬁ@f‘er&‘%'? T hefRd %ﬁwg
$ Ihreregt g&gmr%ﬁ)g/ équag éflﬁ@léégﬁ%f hBarsPahcsdcbid Aimiere mhmeﬁeagera% ingriemesr t ai n.
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requi r erfighihisd Ny erggwlgqgroagthqajn rl?%éf)y%l% tfrsmgﬁ?ﬁggh@gﬁg@o Bgegi 05 06
07 08 09314 fdrin 4 2-bikigitdl olifput Geitaving adodith MNBErof#s. D S2 D S3 D S4 DF2 D a
DDDDDDDD Bit 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 dat

F3 DS5 L a? gfen%oécﬁ)?éat %[ﬁ%&cﬁ%s%aﬁt PuStratéd |PF@3@U&@N@MIt@IexE@ = 1-bit

O s ans It P pbbge bromite o g o fefr © 1 2
fé 2%;?1 { gﬁ%ﬁ% b:hj é.rcaié lrlguchtehﬁﬁﬁwfllroaﬂﬁa sryeshopétnt eradsiatar hetpets tebe ssenzat i on
R e A e 7 A
furt her froneithe sicoobhtdryn thef dtiez sicle of the HF-'I tgans"@rmq;rns stiongerrtna the echp qﬁnql i pl exor
91 has tao i ARYE SR tHe¥ane ¥t & theHiF FaidtReR s fhe@modistor decodes the

correct bits. However, if the circuit on the other side of the HF transformer is not powered,

the demodulator will only see the echo signal from the modulator on the same side of the HF

transformer. In this case, it is possible for the demuiltiplexor to see the bits from the

multiplexor on the same side of the HF transformer instead of the desired bits from the other

20 side. For this reason, a preferred embodiment uses a different framing pattern for each

multiplexor, such that each side's framing pattern prevents the multiplexor output from

producing the other side's framing pattern for any combination of control or status bits. In

addition, since the echo signal may be inverted, each framing pattern prevents the

multiplexor output from producing the logical inverse of the other side's framing pattern.

25  Hybrid Circuits
High frequency hybrid circuits that can be used in Figs. 3 and 6 are illustrated in Fig. 5. Fig.
5 shows two high frequency hybrid circuits 52 and 54, one on either side of a HF transformer
51. The hybrid circuit architecture is identical to that used for low-frequency hybrids in
traditional voice band transformer based DAA's, as illustrated in Fig. 1. The main difference

30 is that the values of the impedance elements Z7-Z12 and Z13-Z18 used in the high
frequency hybrids will generally differ from the values of impedance elements Z1-Z6 used in
the low frequency hybrid. The design of hybrid circuits is well known in the art.

Power for Line Side Circuitry
In a preferred embodiment, the line side circuitry derives its power entirely from the
35 telephone network. However, ourinvention can also be used in configurations where the



WO 03/098644 PCT/ US03/14949 11 one for a 1-bit digital signal 93. A first
nunber of control or status bits enters the franmer 94, which conbines them
with a fiwed3fssswd ng pattern having a second nunber of bi PETIUSO/1m franer
output 95. The fram ng pattern is chosen such that it uniquely indicates
the correct framing alignnent positildn of the framnming output bits for all
conmbi nati ons of the status or 5 control bits. %ﬁ_l_f)%meg{ ou&@ut 9% and t he
1-bit dilige side deesyivhhavear RoMEs PURANESUCH £8 egase Pl A3 O NG RMVEEEPEY 96 t akes

a thirdamBginsefiiclht f thésebabdie afsupsi@nernaty polerStippiybar ke adredtdprodde nurrber

is equal to the sumof the first and se . i I r 96

i nt er | edPWEr tott%llr’teﬁfqecfll’%t[%é%.or8}@"8‘{)]?,5!30\‘;\‘{1%? %g‘ég%%g’g?‘% flr%mng]e ﬂﬁ%gﬁﬁ\o& bits

t aken f riglidersdelustigttheddigit dbstiatgalin Figd8, Inttbis Cisguih axclackinaweipigndlal  out put 97
having a fourth.n i O sRHaIMIREs B2 RhichardAA such as
that > | I%E?rlaéqtrgaO':’{gm%&%t.g%émues%geta\% a{hﬁﬁ? @%Fé@%ﬁ?ﬂ each %r{é?ncti oqi ng as

i | | ust r aoanedted iadrangformer 834 O thsdlingsisieettr Quipyt $i9naf FfIRQIrANHITELN e he art
that thg HE Qybkhdivelyd@tpib$td the Satinputofthe Wdduiaaks@oaderedhiatonf Thee

nodul ator outputs to be seen _by the c{em)cgul altacffr—ﬁ 217 étjﬂgr&%ﬁri? side of the
HF transqh'&ﬂui‘rﬁlgf.‘a'Pﬁthﬁgﬁ'ﬂﬂ‘?m‘ﬁb@rﬁﬁ{h%ﬁ?“dﬂ REed YA A PR YR Y0 aul at oron t he
ot her sig@sisfingtdia didde 85 ans hoapaeitor 86, ®iprovidpes sthtle power soppiy o Pypetlings f r om

t he nodul.ator on the sa [ ihbsqsaredul at or
deco@es%ﬁ@{ I 671 %%?onﬁ?{{%j. %ﬁg&geg&%ﬁﬂ%ﬁdﬁpﬁﬁn S PRt her & de of the
HF t r ansPavemsupflscireuits syones Hstratadia Fige famwaldopwiinthe giti y see the echo
signal fromthe nodul atoron the sane side of the HF transforner. In this
case, i tywhis ROEFeGIR Had bedhRitiRmBibiceRd paratuldrenbediniehts dbitesnientom, tthe

mul ti pl exor on the side qf the HE tran r i desired
bits frdW“Pﬁ@pﬁFﬂ%¢gsgﬁgﬁﬁgwba3?&PﬁFS“F§&§5%§Rgﬁ%%é%erP@%ggﬁh@Q?ﬁent uses a
di f f er enhadd witHontdgpatihe fromftior priresiples amd ispiripif dhednventiers the geape efdtichds de' s

fram ng ttern, nr mul ti pl exor output from producing the other

si de's f eﬂ?iéy%gﬁgégﬁggg%ﬂghy conbi nati on of control or status bits. In
addition, since the echo signal may be inverted, each fram ng pattern
prevents the nultiplexor output from producing the |ogical inverse of the
other side's framng pattern. 25 Hybrid Grcuits H gh frequency hybrid
circuits that can be used in Figs. 3 and 6 are illustrated in Fig. 5. Fig.
5 shows two high frequency hybrid circuits 52 and 54, one on either side of
a HF transfornmer 51. The hybrid circuit architecture is identical to that
used for |ow frequency hybrids in traditional voice band transfornmer based
DAA's, as illustrated in Fig. 1. The main difference 30 is that the val ues
of the inpedance el enents Z7-7Z12 and Z13-Z18 used in the high



frequency hybrids will generally differ fromthe val ues of inpedance

el ements Z1-Z6 used in the | ow frequency hybrid. The design of hybrid
circuits we oaeddésknown in the art. Power for Line Side C PCHUSOY149m9 a
preferred enbodinent, the line side circuitry derives its power entirely
fromthe 35 tel ephone network. HowevdB, our invention can also be used in
configurations where the WO 03/098644 PCT/ US03/ 14949 12 |line side does not
have 1a p¥eelRimsupply such as the case of ADSL DAA, or the power supply is
sinply insufficient. In these cases, a supplenentary power supply can be
added, tq_pr th%ﬁactn@&"&ﬂaﬂoﬁ b%ﬁl%rf’ol’ﬂé% ifi b diBtaGicEsusidrayigenkart, comprigihgs in power may
be supplied fromthe systemside to the line side using the circuit
illustrated icAMENgHoONB. " | n this circuit, a clock/ power signal 5 generator 81
on the system side generates a periodic power signal on lines 82, which are
connect ed t o Anifpuacislinandan 8@put@irctitie | i ne side, the output signal of the
transfornmer on line 84 may be capacitively coupled to the clock input of

the npdul ato Pf ag{s[)oqﬁgﬂgll’;%ré{fllgiﬁg elEBfcal %Hlaﬂéﬁ bekivesiithe Mbut dveuit arantaé or mer i s
ditione

further con wave rectif r ci,rcui of a
di odes 85 and ostpykgy&el @Qﬁh%’ﬁ‘g %fE?%P’ER)’lrﬁégeé’f ?SA@P@%@@@ S%'ﬁg%ﬁ‘s?/é"g‘%gout put
l'i nes; 10 87, nalihgtvopoitspe connected to power (Vcc) and ground (G LD) inputs

of the line side circuit. Power supply circuits such as illustrated in
Fig. 8 are tthe foregoing has been with
refer%nce tgeﬁg??”%%ﬂgﬁngﬁgﬁﬁﬁEén ¥$&#&Jhe invention, it wll be

appreci ated by those skilled in the art  that t hese ewmbodi nent s
may be nade with&dd meslgigior inpyt aPahie PHRP f&%OHE%?OE@?%'BP‘& Py STt he

i nvepdion, the Scmu@forwbumatmg%e %uthﬁjmneﬁebyemhemplpmmuehcan ms. WO
03/ 098644 PC’I'/U803/149§§|§t # W claim 2 1. An electrical isolation
barriter for use i F9e¥ %@%8§§”arrangenent conprising, in 3
conbination: 4 An input circuit and an output circuit nsf or ner

for providing el esaidimslulatos ohiptt enedediedie freidortoblie tr@f‘?fe'iﬁ‘?etrl{(i’aﬂ’c?pyhe 6
out plf% circuit an%ehﬁé!dd?&e@snbﬁeﬂﬂ!é&lﬁl&t‘arfsﬂiﬂﬁ@’ of desired operation, said

transtorner 7 having two ports; 8 A nodul ator having an i nput and an
out plﬁ ’ A demodulator having aninput and an output,
15 said demodulator input connected to the second port of the transformer, said
16 demodulator demodulating signals from the frequency range of the
17 transformer to an output signal for use by the output circuit.
1 2 The electrical isolation barrier of claim 1 wherein:
2 the modulator includes a multiplier, said multiplier being connected to a clock for
3 multiplying the input signal by a clock signal;
4 the demodulator includes a multiplier, said multiplier connected fo a clock for
5 multiplying the output of the transformer by said clock signal; and
6 the demodulator includes a low pass filter to remove distortion from the recovered
7 signal.
1 3 The electrical isolation barrier of claim 1 wherein:

2 the input signal to the modulator is a first 1-bit digital signal;



9 said nodul ator input capable of being connected to the input circuit,

said 10 nodul ator nodul ating the input signal to frequencies within the

frequencywOdYossamge of the transforner; 12 sai d nodul at or Petysas/149ennect ed

to the first port of the transfornmer to supply 13 the nodul ated signals to

the transformer; 14 A denodul ator havd#ng an i nput and an output, 15 said

denodul ator i nput connected to.the second. port of fhe trar [, said 16

dermodul at or Herrereviaiericapvess §Rid fiest #891@%&@?@&8@%8@% Qﬂﬁt}?@%ﬂ{%gﬂ

transf or ner eq@hcies! inabié fréqugney rahge ofiisetrdngfarmer; out put circuit. 1 2. The

el ectrical isolation barrier of claim1l wherein: 2 the nodul ator includes a

nul tiplier, gal Ip L ' irfthe reglfercPfangdoé t i pl yi ng

t he i5nput Si g"ﬁéaﬂ%@h%l‘ﬂ%’?ﬁ”%%ﬂ% ?&i@?ﬁgﬁ%ec%éul atrgg ingl udes a

nul tiepl i er, &ansformer to reeover the dirsh dditdgitalsigRak| ock for 5 multiplying the

out put of the transfornmer by said clock signal; and 6 the denodul at or

i ncl udesy a | Qe BRSSicAlidol=Ebn barieedolen diusther ihclading a owltiplesonteowliipesd 7

signal. 1 3. The electrical isolati rrier. | ai herigliian2 t he

i nput? si gnal statis Sk omiER) BiSSRIpp ‘!éneas'gr?ﬁglrsg‘?”'rfbgé‘ksgé? gYe?g'fQ %?%['?6'%"03/ 098644

PCT/ US03/ 14948rrield 3 the nodul ator converts said first 1-bit digital signa

to an anal og input signal having 4 frequencies in the frequency range of

the transf or fRE elcBiriAGsAROR HLiriat §lclfP B WhEich B gigadisuipamongthr equenci es i n

t he frequency ranqe of the 6 trans{qéger Fo recover the first 1-bit

di gi tal si gnatemogulgtor ingludes; sty OTEON I T IENYh barrier of claim 1 further

including a nultiplexor to multiplex 2 status or control signals with |ine

signal s d.or tTharkeirssiismaton barriehe clire dwhetsin atikast sameopertian iefirdd- 1 5. The

electyical 1Sl ARELbRaeH ushakigind.deherahdiadehe signal output from he
cluaes sg r ol

2 denddul at or i atus or con information. 1 6. The electrical

isolation barrier of claim3 wherein at |east sone .potii of the first 1-
2 bit!digitalTheiglsiicalisolafion banies of Ciﬂ?gd"“ﬂed{h%'? T%Cﬁ'é@ﬁ'ﬁ??qsu%s. 1 7. The

el ectgical i sphigiéoenohadtiplerdigfal sthas o @nwbisigrals withe senpnét 1-bitdigitdl t | ncl udes
a

3 signal to form the first 1-bit digital signal.

1 8. The electrical isolation barrier of claim 7 wherein the oufput circuit includes a

2 demultiplexor to extract digital status or control signals and the second 1-bit digital
3 signal from the first 1-bit digital signal. :

1 9. The electrical isolation barrier of claim 8 wherein the second 1-bit digital signal is
2 generated using sigma-delta techniques.

1 10. The electrical isolation barrier of claim 8 wherein the multiplexor includes a frame
2 generation circuit to align the digital status or control signals.

1 1. The electrical isolation barrier of claim 8 wherein the demultiplexor includes a frame
2 detection circuit to detect the alignment of the digital status or control signals.

1 12 The method of providing an electrical isolation barrierin a modem system comprising

2 the steps of:
3 providing a high frequency transformer in the data access arrangement section of the
4 modem, which transformer has a predetermined frequency operation range and an

5 input port and an output port;



2 mnultiplexor to multiplex digital status or control signals with a second
1-bit digital 3 signal to formthe first 1-bit digital signal. 1 8. The
el ectri cawoiogodsatldi on barrier of claim7 wherein the outpuPCEiusoui4949 ncl udes
a 2 demultiplexor to extract digital status or control signals and the
second 1-bit digital 3 signal fromtlBe first 1-bit digital signal. 1 9.
The electrical isolation barrier of claim38 ﬁ/nerei n fthe second 1-bit
di git@l si gnanodulatinganiBRetsignalo theifrrguency AREFEIAN9S RS tRIELMeT a0d — The
el ectyical i gpdvfingife hrbula@Y fisst sighatothdtradeéorsieninptitportul t i pl exor incl udes a
frame 2 generation circuit to align the digital status or control signals.
1 11. The el . i sal at | j | icm& ing the demul ti pl exor
i ncl utles a f%g{r%ﬂlr?g?*o&ﬁeﬁ%&%?dgﬁB%rlpdﬁgffﬁtfa{ nts %Fr&éértagctu tﬁyévaﬁlfdggnent of the
digital status or control signals. 1 12. The nethod of providing an
el ect?ical i somacilainaghe putaytsignabo FReQ¥ehing /BPUM9PBhprising 2 the steps of:
3 providing a high frequency transforner in the data access arrangenent
sectipn af t ke mbthmtgBlainit2 whereinansf or ner has a predeterm ned frequency
operation range and an 5 input port and an output port; W 03/098644
PCT/ US03/ 14949 . |1ab:d I signal to the frequency operation
rangezqof thelh'?efQé@f%rn%gggﬁ%d@hﬁbodvaﬁgﬁg the nodul ated first signal to the
transfornmer input port; 8 obtaining fromthe putpout pqg tk ransf or ner
an ou?put si d%ﬁt?paﬂﬂo‘iléatﬂ‘gﬁﬁdﬁﬂ’%?'gﬂﬂ "141?89%[5‘%‘ 'Bly'%giaal’?g ng %chkes ' \‘?Jer t he
i nput 4 si gnal .with tA81-bTAgitamstignarto fmal hghire@endyenalog siinahand nput signal is a
1-bit digital signal; and 3 the step of nodul ating the input signal indudes
mul ti g' ying qne@tegbp%nmgﬁngh%aﬂpuwggﬁm heddier the Riolit 4@ halaesi gnal to form
a 1 gnal; and

a high frequency anal og si ; | 5 the step of denodul ati ng the out put
signab to recismadulating ‘%ﬁb f@HWS'B%BH@%a'OQBB%%%@m%PHg t he high
frequency signal by analog clock nmultiplication. 1 14. The nethod of claim
13 wher eif) atTHeansthodsftkir f 3 Wwherebi dt eaktrsotiesof thelits inhgilthifldigiblgpignel atee 2
obt ai ned usi ng, Si - del j 1 15. An electrical isolation
barriér for UTENH B é?:a;%gésyhg@rﬁgshgenent for providing 2 electrical

i solation between a line side circuit and a sgst em Si detfcri [ Guit
conprilsi iy, i An electrical isolation barrier for use in a data access arrangement for p o]

2 electrical isolation between a line side circuit and a system side circuit, comprising, in

3 combination:

4 a first pair of input and output circuits for a TX signaland a second pair of input and

5 output circuits for an RX signal, wherein the first input circuit and the second output

6 circuit are located in the line side circuit, and the second input circuit and the first

7 output circuit are located in the system side circuit;

a first HF transformer for providing electrical isolation between the first pair of input

o]

9 and oufput circuits and having afrequency range of desired operation, said first
10 transformer having two ports;
11 a first modulator having an input and an output,
12 said first modulator input capable of being connected to the input circuit of the
13 first pair of input and output circuits and modulating an input signal to
14 frequencies within the frequency range of the first transformer;
15 said first modulator output connected to the first port of the first transformer to

16 supply the modulated signals to the first transformer;



3 conbination: 4 a first pair of input and output circuits for a TX signal
and a second pair of input and s output circuits for an RX signal, wherein
the firstwompoesess rcuit and the second output 6 circuit @ca/usovatoed in the
line side circuit, and the second input circuit and the first 7 out put
circuit are located in the systemsi#@ circuit; 8 a first HF transforner
for providing electrical isolation betwee he first pair of input 9 and
out piit ci r cud first derapdvialerigving AR ALY BN HPEY of desired operation, said
first 10 transforner having two ports; 11 a first nodul ator having an input
and @n out put, lzsascaﬂlrdtd‘enfo@hlatmnhphta:bmectedmtthec%pa'm porigdf thedirilg connected to

t he ignput cireuit, nsfotnngr Prlc?enﬁdfﬁﬁ gf’ézal alﬁfonlfﬁ@%q@é?ﬁy%@ﬁ?théhfs@w ts and

nodul”ati ng an |np{ﬂ ency_range of
t he foi rst transf otrarsforme_rstogaloeltpﬂﬁa@ﬁl RDYRA kytbe O‘SB‘Htr?ﬁ?U'%HWJ@?L%é’G'r%B t he

fi rs%1 port of the Eéraggoh{pgm,fcgfsrrer to 16 supply the nodul ated signals to
the Tirst transfor WO 03/ 098644 PCT/ US03/ 14949 16 17 a first

denodul at or haV| an i nput ator input
conn¥ct ed toWPﬁr@ @8&?8“&5‘?%0?8? F@ﬂ%gr]:a] %ﬁsjrlféﬁ'mﬁ fgtsﬁrg%nsfogr ﬂgirlmdul ating
si gngl s fr onviitside of thgtreqasncy eamge ofthe tmodulbiedsignalp transfor mer to an out put
Si gnal for use by the output circuit of the first pair of 21 input and

out pyt Ci rcubtsg ontiH s%ﬂ%eﬁ%ﬁprbﬁé:ﬂ@@lb&ﬁc&fsohh& Méergnabeqaaspamq t hr ough
the first trans or mer out Si efr uen %rap(gwe {j t he

nodutsat ed si Hefandoutpyt §'é“é‘5$16"q-|Fth"r9 EeﬂH?’i‘FWa'?gﬁ ?%R?I rical

i sol g i on betygma thhsiosRs dadng®opons; 25 i nput and output circuits and
having a frequency range of desired operation, said 26 second transforner

havi ng two part @Ry an input and an output, 28
sai d”gecond ﬁbsgé?né’%?&la? ql(?"wggﬁw ?algel F\Hgl; connected to the input circuit
of 29 the second pair of input and outtﬁut ci.rcuits.and,mdu 4tcrr¢]ﬂ%fthe

i npues si gnal to SdeecRdamdHialor FPYiRRARIA R RENERRaRRSISY B e second
trans§ or mer; 31 Sgiethes&RORAF ofrPul ti outpatitippuits awimetilatidg the indubsighaltt port of

the second 32 tr ?Q&Jecr)\[‘,igg\r/vitﬁiﬁ) #RURBLhch P dTR A e A Esh oSt ABBntert © the second

t ranst or ner;

31, said second modulator output connected to the first port of the second

32 transformer to supply the modulated signals to the second transformer;

33 a second demodulator having aninput and an output,

34 said second demodulator input connected to the second port of the second
35 transformer for demodulating signals from the frequency range of the second
36 transformer to an output signal for use by the output circuit of the second pair
37 of input and output circuits;

38 whereby the harmonics of the TX signal passing through the second transformer fall
39 outside of the frequency range of the modulated signal.

1 16. An electrical isolation barrierfor use in a data access arrangement for providing

2 electrical isolation between a system side circuit and a line side circuit, comprising, in
3 combination:
4 an HF transformer having a desired frequency range of operation, and having a first

5 port and a second port;



33 a second denodul at or having an input and an output, 34 said second
denodul ator i nput connected to the second port of the second 35

t ransf or nwo oBoesedenodul ati ng signals fromthe frequency r@ogasos/149me second
36 transformer to an output signal for use by the output circuit of the
second pair 37 of input and output dfrcuits; 38 whereby the harnonics of
the TX signal passing through the seco transformer .fall ut si de of

t he frequenc firshmgdulaior ggygle WPQfSéBO'é&dgsﬁﬁ{tfanigowr’ %J@Fter@?c’?’?aéﬁl i sol ation
barri;er for UsRMiIBLMY FRbbase barisighal Brgfestentlof passireod sghalgvitinskidet r i cal

i sol ation between.a system si i ] i i G i ,

conpBi si ng, pﬁswegfrggﬁ%]o%anp%ﬁggﬁgﬂgn?%hé?ggﬁg?‘ S{r #&&"ﬁ'&gsﬂg%ﬁéﬁ@ﬁed
frequency range of operation, and having a first 5 port and a second port;
WD 03/ 098644 afGTHeisod/latagegpled tp sgidsecon ROWﬁSaalﬁér?B?fO'g@ﬂp?aé‘a to the first

port,,of sai djthafsiher dBfodutighald firsttpa8®Bardedigial to fedovelisant firstgpase bandst base
band signal to a first anal og ss band signal within said 8 desired

f r equiency raﬁ@éa|zi?fdrat“?'3ﬁ§'ﬁ'i‘{thaﬁg'”ﬁﬁ@eﬁ‘ﬁ%tr ated signal to said transforner;
9 a first denpdul ator coupled to said second port of said transfornmer, said
10 danodul at The dleotridallisaldtiogbardentf tleins 16 whersinisaiddirs meaulptor s cruRigder sai d
first base b | irdt HEYBLiG Sik@R ah@s @@ rndfdr@r BicBépléd ocui t. 1
17. The el ec%ggggﬁ&?iﬁoﬁggﬁ{)@?%gﬁl er olf IcI ai?m,:SLG_ wherein said first

modul3at or i s saidiipit demedulator targugh @ pegeed FRVPIG Fiicligh a first HF hybrid
circuit and said transforner is coupled to 3 said first denodul ator

t hr ough 8. seqpB@iedirichydvidtion barkietdf tlaind 16,8vheTdiethesgsiem isidglcir¢uitdncitdedn barri er
of cl aim 16, erein.the s [ I £ CUl réritsignal, &RAes for
converting di %%deﬁ@ﬂnggﬁéégﬂéat%igﬁ Sg%'sg%h'?%gﬂs t si gr?gl 5 _and?(Z) 3 a
firsts nul ti plaskstmutiiplaxeceandedtes tosaid first madulgistisrish it MURISHCHPELYNGI ti pl exor
receiying 4 %Qiog%ﬁwﬂéibﬁ’élséﬁd%ﬂia%aﬁig_ﬂlraﬁéﬁhi@sigmbﬁ@_rmniplaﬁﬁgtsaiaagan@j and

mul tiplexing sard anal og, 5 control signpal nd sai.d, anal o smt signal
to form sai d oPnirdsiopals Nt saldarglegEnsmyt @Q?ﬁq—ﬁé’“ﬁ@élﬁlﬁﬁ%ﬁ bei%gtg{gg‘?li on barrier
of claim 17 including a clock recovery circuit connected 2 to said second
HF hybri, ci rieidectoal isaation bgrriehe claire ddinctyiingfa alegk cecpiery eirqié ggeneciedor to 3
that of saidfir. id ci g Hetrllbicdof é@first detbdbmior ter  of
claim 18 whert%lsél'ﬁ%’ﬁée&ﬂilﬁr@yglﬁ%%%gﬁbéboﬁg |gncel %Bes&gofi rst

3 that of said first modulator.

1 20. The electrical isolation barrier of claim 18 wherein the line side circuit includes a first

2 demultiplexor connected to first demodulator, said demodulator shifting the frequency
3 of said first pass band signal back to the original base band and said first

4 demultiplexor separating the said analog control signals from the said analog

5 transmit signal.

1 21 The electrical isolation barrier of claim 16 wherein the line side circuit includes a LF

2 hybrid circuit coupled to a communications line for receiving analog receive signals

3 and transmiiting analog transmit signals.

1 22 The electrical isolation barrier of claim 17 including

a second modulator coupled to said second port of said transformer through said
second HF hybrid circuit, said second modulator modulating a second base band
signal to a second analog pass band signal within said desired frequency range and

[V T O VI ]

transmitting it to said transformer;



2 denul tipl exor connected to first denodul ator, said denodul ator shifting
the frequency 3 of said first pass band signal back to the original base
band and waiod/ofdenst 4 demul ti pl exor separating the said amaraozonss ol
signals fromthe said analog 5 transmt signal. 1 21. The el ectrical
isolation barrier of claim16 whereifthe line side circuit includes a LF
2 hybrid circuit coupled to a comrunj cati O%f |.i Ee‘. %or rﬁceiﬁ/i n apal og
recefve si gnabesond demedyiatersoupled forgicfiretipgh of said LaRsforapidARAgh s B5t 1o

el ectrical i gphasridirchiesail 86conll demadunatdrdenudiulatigepiseaonkpasa ianbdul at or
coupled to sald second port of said tr nL: J second HF
hybr 8d ci r cufignal ghqeaovgég%%aec%qjﬁ?sg?bgpd %@ﬁ%‘ﬁ%ﬁ? h%rhlgglgﬁé%%ﬁﬁ%grgéﬁ%nd 4
signal to a gmuRnd anal og pass band signal within said desired frequency
range and 5 transmitting it to said transforner; WO 03/098644

PCT/ S03L 14949, el&&ﬁc?a(l) ﬁgﬁmrié#%mﬁhhl B AheleRLRG Rib side Graiitindlidesta port  of

sai d transformer thr sald first 7 HFn%b%ld circuit, sa}ea Second
denpdul at or &eaepd muiiplexe coRnRFtedde s7id Sproad MedHES rereling aPg9PE S ver sai d
secoeg balse bighsls Sh@avhnaldreddinighal saio multiplexar anbintgemaidsindleg siatusi rcui t. 1
23. The electrical isolation barrier of ! ek M l'i ne side
circdit incl8igeds a"é ?'%Wde?ﬁﬂ‘fetsi'@agg5?rﬁlc%dﬁdr?e%tg r?addeﬁétgg bgg?ﬂbrg%cond

modul ator, receiving anal og status 3 signals and an anal_o& I elc%l ve si gnal ,
sai d 1mul2si pl Fresleciteddiselation katiier chelainogp Whateindhe systemaifg drelhigaudgsd Thnal og
receive signalohQ bR EhFarsatidetthesidhang dyigimaddemisightls dhidg2)d ect ri cal
isolation barrier of claim23 anrei n thg sgqs m Si'%(?en%d'ufa%{rrshijftiﬁél udes (1)
2 a Godec foferapAviEMulAGXsFORIRSIeH P $eeLRy gom ”E;%%{I AL gItal Sodém si gnal s
and (;2) a 3 gpoARGeABAbLH pteendanalaywess bend signa badkrid themnioinalbkaseband ai d
denodul ator shift.ing 4 .the f i s band signal
back to the &PF §HAS Coﬂgéjg'%ﬁlgé{%%lﬂg%%}%ﬁ@ agg%grg]%puggﬁﬂlg% ?g'i"??@r separ ati ng
sai d éanal og shalbgsscsivgm@hal. from said 6 anal og receive signal. 1 25. An
electrical isolation barrier for use in a data access arrangenent for

providing. 2 QhfddricaAbolitblbairopor b ina aazracoysslaamganiist & prwiingand a | i ne
siae circult, conprilsin I N C Lhatl on: i ving a
desi rled freq@sHEg 'r'%‘ﬁ%"@ﬁBFMSﬁ%?ﬁi’ﬁ?%ﬂ ,3'1388%9"‘{%}5‘\5‘?83“%&5 7 F'gct%ﬂ’séompﬁ%g’% J

3 combination:

4 an HF transformer having a desired frequency range of operation, and having a first
5 port and a second port;

6 a first modulator coupled to first port of said transformer, said first modulator

7 modulating a first 1-bit digital signal fo a first analog pass band signal within said

8 desired frequency range and transmitting the modulated signal to said transformer;

9 a first demodulator coupled to said second port of said transformer, said
10 demodulator demodulating said first pass band signal to recover said first 1-bit digital
11 signal for transmission to said line side circuit.

1 26. The electrical isolation barrier of claim 25 wherein said first modulator is coupled to
2 said transformer through a first HF hybrid circuit and said transformer is coupled to
3 said first demodulator through a second HF hybrid circuit.

1 27 The electrical isolation barrier of claim 25, wherein the system side circuit includes
(1) a digital portion of a sigma-delta codec for converting digital modem signals to a
second 1-bit digital signal, and (2) a first multiplexor connected to said first

BOWON

modulator, said first multiplexor receiving digital control signals and said second 1-bit



5 port and a second port; 6 a first nodulator coupled to first port of said
transforner, said first nodulator 7 nodulating a first 1-bit digital signal
to a firswoanabssgs pass band signal within said 8 desired fPCcagisesica4y ange
and transmtting the nodul ated signal to said transforner; 9 a first
denodul ator coupled to said second pdft of said transformer, said 10

denodul at or denodul ating said first pass nd sjan to.recover said first
1- bi t5 di gi t aldigitehsigalAE MYRIenasRE! @??‘Eﬂ&&c}c"@ﬁ‘s%nafﬁ%’nglﬁﬁtdg Bluit. 1 26.

The ¢ ectri calgnamefoinisai fizan witeigitaf sigahi m 25 wherein said first nodul ator
is coupled to 2 said transformer through a first HF hybrid circuit and

said tr a%sf Or‘fﬂ@elecﬁt&&@%tﬁﬁ bhf Tier & ofth 9 Whér%fn tﬁ@f@ﬁHUlf?ﬁl&for Inelgewhfidt second

HFh circuit ectrlca Isolation barrier of claim?25,
wherein the §Weegen§ﬁatl@ﬂéﬁc\d|é@|ad'gli"f‘i‘@lctﬁfé%conﬁo'@@‘aé digital portion of a
sigma-delta codec for converting digital nodemsignals to a 3 second 1-bit
di gi tal & gnathe edRbichiddoldtioh bamier Meldir R6 Mciuding arcivek teedvdry cisait dofinectd 4

cai d Becond” 20 B swng S CuBBERLE BBy ifdrdl ek BLodi ikl dmodl gl B0
mul t il exi ng teatioflsaid fiistrabdutadont r ol si gnal s and second 1-bit digital 6

signal to formsaid first 1-bit digital signal. 1 28. The electrical

i sol afi 0§b barfyetiecticasdtich Bameh& cRiin Z?lihfhefeﬁrf thé livedide tﬂicﬁi(ﬁnbludéﬁ:é tid’es a
first 2 frane generation circuit_ to al theggrsgltal ontrol nals 1

29. The el ectq%%pleixgmoale?%ﬁﬁi Bg}erfr%‘fjeﬁpd@?tﬁf L IR e U § recovery

circuit connegé aidital Soitl signels areicsenchdbigipital sigoal fromithe n‘eoover@bﬁfsh‘gblt he

frequency of cﬁa%E first denodulator to 3 that of said first nodulator. 1
The el ectP9EL9 rfaéol ation barrier of claim27 wherein the |ine-side

CI rcw t includes a first 2 denultiplexor connected to

denodul adtr, B ekdricagsolafismbrtrieppioiaip 38fhgrein the §rst derpyifip ?ﬁofg'i"f"élé dnt r ol

signals and sggogbidctibh tircit @ dedct HeHighméritennt Apjitaleonwe sigdalé.i rst 1-bit 4
digital signal. 1 31. The electrical 1solation barrier of claim30 wherein

the first demulti I r detect the
ali gn?nanf’z of l‘gﬁt P 3?lan8§ng Fdada"%% S\W%e@g{eqqi%gﬂg Cg{::{ltﬁlrﬂtlz%je%:agol ation
barrier of cl anatngammowlo’ea sigmatdelta Wd% cgirled teispid first demedulpiessaihanglothal og
portion of a rﬁmpo'fg@hra%eﬁé’g&féc%er‘\@‘tﬁ@ thPresdetbdf debsrid OBin@igitd sigdlintsai d

analog 5 portion o ma- e ta codec converting the recovered second
1- bi t 6di gi t al AR trqnﬁmgslgna

1 33 The electrical isolation barrier of claim 25 wherein the line side circuit includes a LF

2 hybrid circuit coupled to a communications line for receiving analog receive signals

3 and transmitting analog fransmit signals.

1 34 The electrical isolation barrier of claim 26 including

a second modulator coupled to said second port of said transformer through said
second HF hybrid circuit, said second modulator modulating a third 1-bit digital signal

to a second analog pass band signal within said desired frequency range and

»n kW

transmitting it to said transformer,

a second demodulator coupled to said first port of said transformer through said first
HF hybrid circuit, said second demodulator demodulating said second pass band
signal to recover said third 1-bit digital signal for transmission to said system side

O L NN

circuit.



6 an analog transmt signal. 1 33. The electrical isolation barrier of
claim25 wherein the line side circuit includes a LF 2 hybrid circuit
coupl ed twoasegsswuni cations [ine for receiving anal og rec@Crassd/grnads 3
and transmtting analog transmt signals. 1 34. The electrical isolation
barrier of claim26 including 2 a sec@dd nodul at or coupled to said second

port of said ansf ar hr ou con sai d
second nodul a%ré? eﬁ‘&ﬂ‘ﬁﬁﬁ?ﬁ’ﬁhﬁn téarﬂﬁr c?afa{" %’f v 8'ie¢ﬂ n%%/g%ﬂfcqucﬁ'aesaé'k econd

anal o@ pass banalogp@tial ofw sigmardelai cddete szid enalby pertieneyverdingan aatbgS

fire port " of "esE s Pafle hadl L o T i hybr 1 d 6 rou €y
sai d second denodul at or denodul ati ng said second pass band 8 signal to
recover 8id tThe plgctiicaljsolagipyyparger @Pgwa% berein e ing 2idg erpuft TR sy st em

side 9 cir CU'séoonmu@@‘e&&%ﬁﬁed?ﬁ%@@ﬂ%éécﬂﬁ%du%rﬂxeaéwnQ' bigitgbafisr i cal
i sol ation barrjer

0 side circuit udes an 2
anal og porti ofi98s ﬁn%?ad%uﬁéﬁibg\ﬁhwa@&"a g?'@mgﬁlgieég C;S’Hh'\"?ﬂ?a@odr‘ﬁ)t@ttl ng an
anal og 3 recestatussignailant said fdunthrit-bit digital igrel wiforal said tpivel N -bit igial.sighak
electrical isolation barrier of claim35, wherein the line side circuit

incl udes % 2 1REEREHCATIONEN BaAbr G 2RAPSS HRLrb 1P oRe MR Ieﬁﬂ?%lu@é@é
receiving digital status 3 signals and said fourth 1-bit digital signal,

said rultipl eﬁ%qonégﬁ'@?@?ﬁ‘aa% et tgialign thg dgitalstRlus$igRlS- s and said fourth
1-bit digital signal to formsaid third 1-bit digital signal. 1 37. The
el ect rii cads. i sGhatlkectricd) ésofatien barfiercdt alaim %wlmtrelneﬁiaensylstwm sidez dredit meludesplt gxor
includes a 2 i t igital status
Si gna%s 1 383%%09'%%6“”& Ere églfé&%g%é@gg%éaruﬁeg{o 8%'?{ olr ggld sggéﬂ wherein the
syst erd si de cidemulfiplexaiceaguering(said d@’fabﬁt@é%%iWISj@HﬁaMfBP@(b‘P"‘é'@ﬂﬁ*lé'@ﬂ@d to a

second, denodu lfremﬁe re@&éaeosm@ M.t%.gﬂargginbn BEPPA dfﬁé](b\éﬂlbh ra,ga Siging-adit0i t al

tat I's th d
T 6 b Pl S and e T el e Bbusr bR oo Ser e 8

codec to convert said fourth 1-bit d| gital signal to digital nodem signals.
1 39. 1Thesdel edhe eleslrical ssolation barribef clair 38)where'aitm§ s®onghaenailfiplexqeingledasnd

derul tj pl exor 4isped idSme &t&ué@a%ﬁt&a@é&th@%@mr@eftﬁb e@mfstam sf#gﬂnta%ct the

al i gnment of the c?glta status signals . A multrplexor for use in a

data acce4s()§ an aqtgp«?g(\?) P usein Aa?a dctess arrangement, comprising

2 a first input for receiving a 1-bit digital signal;

3 a second input for receiving a first number of digital status or control bits;

4 a framing circuit for combining a second number of framing bits with the first number
5 of digital status or control bits according fo a first framing pattern to form a third

6 number of framing output bits, wherein said third number is equal to the sum of the
7 first and second numbers; and

[ee]

an interleaver which interleaves said third number of framing output bits with a

9 proportional number of bits from the first input, forming a fourth number of multiplexor
10 output bits;
11 wherein said first framing pattern uniquely indicates the correct framing alignment

12 position of said framing output bits for all combinations of said status or control bits.



2 afirst input for receiving a 1-bit digital signal; 3 a second input for
receiving a first nunber of digital status or control bits; 4 a fram ng
circuit fwposostsikni ng a second nunber of framing bits w tRCrhisos/i4vges nunber
5 of digital status or control bits according to a first framng pattern to
forma third 6 nunber of framing outpt bits, wherein said third nunber is
equal to the sumof the 7 first and s_econ%ﬁnunbe{ts; and 8 ar} i nterl eaver
whi ch i ntkr | eEheBultiplexer ofglaien 49, wherein spidiFst frrmia HatY 0 Prayepts thefeming o
propoktional &uieis Pbm Bbitsinfng@msetdid flaiirgf pattamiior, allfposstbla gorabihations bf nurber

of multiplexor . 10 outpu i.ts: 11 wherei i Ll 1 ttern

uni quél y i ndi ‘??éﬂé@t“f %8@%—9&@’(&ar}draﬁﬁ'o%sg)l%?ls"gé@%é%to? L%ghﬁ%@gﬂj @ﬁtbﬁ)} "said

fram ng output bits for all conbinations of said status or control bits. WO
03/ 0986442. PCTTheS0altinlebat Of claim 411, wheremisaid it framing pgtters foreyeals ef@miRther ei n

sai d birst framhRgidRbhebMaRigRNbgcd rmerfsé@f@me%owmﬁmpéﬁ@n for am
containing a second framng

( am_ pattern for aIOL E’OSSCJ%LH%QO ,natif)n§ of 3
sai d Status opossblpgombingfiens of said stgfus opgUfoLPils. af FPIE 3l MeMS Pt r ani ng
out puyy bits. daidHfamihheutpul Bitspl exor of claim 41, wherein said first framng
pattern prevents the framng 2 output bits fromcontaining the | ogical
i nver se saj ) d g ] i ons of
sai d 3t aftis o Pap SFBfipplcRELA 1Bl Ehoph e Hdes pCrhaB il B R P g
out pu2 bits. dachdfsaidpuitivleyprsindudingl exors each | ocated on opposite sides of
an electrical isolation barrier, 2 each of said nmultiplexors induding 3 a
first si nput f@first ippetifor regivangla bibitdditgisigadl; si gnal ; 4 a second input for
receiving a first nunber of digital status or control bits; 5 a framng
circuit for c LDk r a4 i ] the first nunber
6 of di gital é)?%‘{oﬁgﬂ%#ﬁgg%t‘a’ggﬁgEilﬁfggﬁuar%t(g:%rofj{j@?l?%tugok??ﬁgd@trshm ng pattern to
forma third 7 nunber of fram ng output bits, ]y\/ne_reLn sg{g (Eyh{'rd nunber is
equal Sto t he affamisng cirpgt fopcamiining aspeoadrypker f faipg bits Ml t8e WRE RURESF | caver
whi chginterle tabéthitls bhédntrorbitsedordiig thraaistmigmingt patternlie fosmaithid a 10
proportional nunber of bits fromthe fir3%.] : ] nunber
of mul’ti pl exo?”mtlef OBﬁ?'B'ﬂ]? OBﬁpPéb;'tStLvﬂ%\?\%Ié%%?%h"!tdﬁg}ﬁ%?rr%tg &@rl %hﬁa‘f"gg'[tbgr n of
each mul ti pl efisrardseeoptatumbers; Bed second fram ng

9 an interleaver which interleaves said third number of framing output bits with a
10 proportional number of bits from the first input, forming a fourth number of multiplexor
11 output bits;
12 wherein the first framing pattern of each multiplexor is equal to the second framing
13 pattern of the other. ‘

1 44, A multiplexing method providing multiplexor oufput bits for use in a data access

2 arrangement, comprising

3 receiving a first 1-bit digital signal;

4 receiving a first number of digital status or control bits;

5 providing a second number of framing bits;

6 providing a first framing pattern;

7 combining the second number of framing bits with the first number of digital status or

8 control bits according to the first framing pattern to form a third number of framing



13 pattern of the other. 1 44. A nultiplexing nmethod providing nultiplexor
output bits for use in a data access 2 arrangenent, conprising 3 receiving
a first IwbioB/oghegi t al signal; 4 receiving a first nunber @CTdAiSg/ 149 st at us
or control bits; s providing a second nunber of framing bits; 6 providing
a first framng pattern; 7 conbini ng22he second nunber of framng bits with
the first nunber of digital status or 8 control bits according to the
firsto fram nguipathitsrwhareinfsaidhied numbegis gawd & the pum chibe At aps 8psPib 8644

PCT/ {503/ 14949mpéd; sheut put bits, wherein said third nunber is equal to the
sum of the first and second 10 nunbers and 11 int erleaving said third

nunber of fra out its . wt r ts from
the tirst 1- mizr?egxlv Pﬁﬁa@%dwmbef %erfawr&o%P@g%ﬁrt uﬂgg@ﬁ&}a?%nﬂ% E‘: exor
outpwt bits; bntiﬂomﬁﬂmfmsw -sitdigitall sigsal tofforma fagirth aumberrof mitiplexprouyEPitsat es t he
correct fram ng alignment 14 position of the framng output bits for all

combjpati ons fere?@é?d ﬁr%ﬂ?eh‘ﬁné’ atfePldi (ﬂJelybhdlé?ates the é&recﬂ'ﬂ@niﬁgbmmeﬁf cl ai m 44,
r

whereln said |rst am ng tern out bits from
cont & ni ng a PoEEQIHEf the ?E@ﬁ“ﬁ@%‘ﬁ%‘tt%tﬁ FPpP@For&?'?at%%glsﬁfdmt%g%ﬁCﬁ ttr(ﬁg’h% 3
said status or control bits, and all possible alignments of said fram ng
out put big s. Thedfethobhst clairh hoovhefeinsaid frsBmingheatiernrpreants the framingr ani ng

pattefn preventsd Blgefro}ﬂ]&cfn(?adm”g?@é%n?fr%ln& p@@%rﬂ%r%ﬂb@éﬁbl@b&n%ﬂd’u@ﬁ@ gont ai ni ng

t he |0gi cal iHVerse o patternfor al OSSIb|e

conbi hat i ons safd sgﬁquorgoa’m]§1t@@n@@}hpqa§|bleoqhg§mergﬁaf 719 r%‘éig%P‘E}P‘g % alignments
of said framng output bits. 1 47. The nethod of claim46, wherein said
firstyframng H@&ﬁétl%dbf@radn a8, whesehe saldififst femingpat@rpere ventsithe third number

nt er chan eabl | ect i 4 wh i
sai 0 St arvs. < Grmhg chinut B (i Friifif mb RAIBhAAE ShipSeado ol F e el !
signats. 1 49)aﬁé'ﬂnéonmltmeslbletomblaam pftaangst@tu:p prasstioldits iaga all Pesstblea recei ve

Si gna% in di fghﬁﬁlﬁ% Ihé)&.’;‘t Gopeurrently through a single HF
t ransf or ner, |ngt e steps of: 30perat|ngthe HF transforner in its

e e o g i 4B ehareR bt bl R Do INPLdh bt ! ©

2 pattern are interchangeable.

1 48 The electrical isolation barrier of claim 4 wherein said status signals are of different

2 frequencies from said control signals.

1 49. The method of transmitting a transmit signal and a receive signal in different

2 directions concurrently through a single HF transformer, including the steps of:

3 operating the HF transformer in its linear range of operation; and

4 providing two HF hybrid circuits to separate the transmit signal for transmission in a
5 first direction through the HF transformer and the receive signal for transmission ina
6 second direction through the HF transformer.

1 50 The electrical isolation barrier of claim 30 wherein the separation in the first

2 multiplexor is accomplished using filter banks. -

1 51 An electrical isolation barrier for use in a data access arrangement for providing
2 electrical isolation between a system side circuit and a line side circuit, comprising, in
3 combination:



5 first direction through the HF transforner and the receive signal for
transm ssion in a 6 second direction through the HF transfornmer. 1 50. The
el ectri cawoiogodsatldi on barrier of claim 30 wherein the sepaPamiusn3/i4944 he
first 2 multiplexor is acconplished using filter banks. 1 51. An
electrical isolation barrier for use 33 a data access arrangement for
providing 2 electrical isolation between a sglstem side circujt and a line
si de 4i r cui t ,anddmipansiIrmgr having aglegimadTaadendyfana@s’ oRFatssaNF WB@%@%‘/ 14949

23 4 an HF trppshabseeordorlg a desired frequency range of operation, and
having a first 5 port and a second port; 6 a first nodul ator coupled to

first port of id nsft ; i j hedi t, said
first®nodul at%ffrgtr%(%f{ﬁjfag?ricﬁg'glgg{oiﬂﬁés?F 8%-9%1‘%@ tfﬁn%t?&[’na%ﬁ%x{&éﬁg% ﬁrtSt(Zth#t{ﬁPst anal og
. giral < .
pass 78 band drcgjhadid fiist modulatai modidading edirst A dijcisifelsignahige fisi@nalP@R3sh t t i ng
the npdul ate AR HithinQaRPdedirdd FHARERY MBige a8 t@nbrhittmb tiéanBliiat or coupl ed
to Sg.lpd seco(rj1l)(_§:'%(€)%’rgtﬂgl_(zﬂ| saiagiadtrlzrinsforrr'\qez{y thgreough a secgnd 11 HF hybrid
circutt, sai cignahiogaiddienssfomestodul ati ng said first pass band signal to 12
recover said first 1-bit digital signal for transm ssion to said |line side
circypt. 13 an frsiaientbdumatbybaipted te saipbembnt pors ai shidtesfodmegrdhroudt a sedodd

transforner t i-d L i i hd: nd nodul at or
modul'at i ng a %ﬁ%gfﬁ%!'tt S%?g?ﬁ%ﬁ'ﬂag?rldgrgpgaéwtsgkgﬁé_s{gc%Sn%?’g%gﬁ%g&pass band

si gnak wit hi reseviedsaidiiist it digitad signal yor trangjeisgienitosgidling §i¥ATCIYtng it to said
transforner; 17 a second denodul ator coupled to said first port of said

Ej r angg f)r mer Ejé%é&g&{ﬂm@athlﬁltof édiupled tolfaidc-lﬂ%cbudbpdndofgardatdn.tsfprmiﬂdo@miw .
enodul at or denp ing sai.d second pass,_ban . Si . ) sai
Chirdi1obit eGP bYBRoYb RS paRCAREnsR Peoddry DR LhPapRISHEY
circust; 21 aodisgtdral anatugtjassbart signsiviiinin- s desiredtiequengyopogéeandi n sai d

syst side ¢i (9 ing digital nodemsignals to a second
1- bi ﬁgndi gi ta&%@@%ﬂglgéégﬁotﬁaggﬁ%’g a 23 fourth 1-bit digital signal to

digital nodemsignals; 24 a first nu|t)plexor included in the system side
circuft and cdFfreed @%{“?Q}"%t%ﬁ%uf?'?é ?tsa%'%aﬁr’é?%? trang, "EefftF'PE@“ ?ﬁjﬁrﬁﬂ exor
receiyi ng di gk ajbriaeituinkais sgmval Seraodllastai dbnodolatit sbidsecon@@sdbgiid al  si gnal
and myl ti pl EX4i NEMLPs L@ty ?—%'itgigrtélrs%tnallbménsﬂﬁsgloﬁ% said 3@k side

20 circuit;

21 a digital portion of a sigma-delta codec included in said system side circuit for

22 converting digital modem signals to a second 1-bit digital signal and converting a

23 fourth 1-bit digital signal to digital modem signails;

24 a first multiplexor included in the system side circuit and connected to said first

25 modulator, said first multiplexor receiving digital control signals and said second 1-bit
26 digital signal and multiplexing them to form said first 1-bit digital signal;

27 a first demultiplexor included in the line side circuit and connected to the first

28 demodulator, said first demultiplexor separating the digital control signals and second
29 1-bit digital signal from the recovered first 1-bit digital signal;

30 an analog portion of a sigma-delta codec included in the lineside circuit, said analog
31 portion converting an analog receive signal to a fourth 1-bit digital signal and

32 converting a second 1-bit digital signal to an analog transmit signal;



27 a first denultiplexor included in the line side circuit and connected to
the first 28 denodul ator, said first denultiplexor separating the digital
control swgralogseand second 29 1-bit digital signal from ea/usedowes ed
first 1-bit digital signal; 30 an anal og portion of a sigm-delta codec
included in the lineside circuit, sai2d analog 31 portion converting an
anal og receive signal to a fourth 1-bit digital signal and 32 converting a
secobd 1-bit adiegprcimulplgxiincugedin thmiinesiferdrgwitandicoanepipd 1o sgiphseego8644

PCT/ US03/ 14948odufflorSshidsce8RPmaltipkdr rddeRigdigitacstatdesignans dritesald foerttsi-de

[ It d nect ed id d, 34 l.at.or., .sajd second I ti
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and conbining themto formsaid third 1-bit digital signal; 36 a second
denubd i pl exora secohdiderauliiptexohiaclsgastie thesystemaidectircuit aneeoprraiRdie & t o t he 37
secopyl denDd B qentiih dic? S6RMcAHRIBHIPIES Aol RARY R Nfiat Satls Gighibl 2!

an

status signals { sald fourth 1-bi igital signal fromthe recovered
thiree 1-bit dingisaisifouthyhbif digital signal rera thg eeyeredihird LBr detR) T8 1 er of ol ai m
51 wherein 2 the first multiplexor indudes a first frame generation circuit
t o ali gnsat he The@ldotricatissltionlbarridr sfictpialss whérdirhe first denul ti pl exor indudes
a first frane detection circuit to detect the alignnment of 5 the digital
contrpl - si gng},SfisPmbiiflexdt G snér'\tiir_%{ AR Qénekdtoh UG R tdalRR G lgifal 8dterol
generation circuit to align t%e igital™ 7 status signals; and 8 the second
denmul 1 i pl exorsignst udes a second frame detection circuit to detect the 9
alignnment of the digital status signals.

4 the first demultiplexor indudes a first frame detection circuit to detect the alignment of
5 the digital control signals;

6 the second multiplexor includes a second frame generation circuit to align the digital
7 status signals; and

8 the second demultiplexor includes a second frame detection circuit to detect the

9 alignment of the digital status signals.



