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TELEPHONE | SOLATI ON DEVI CE. .© Background of: the -l nvention 5
The present invention relates generally to etectronic circuitry and nore
particul arl ywoemsi#sati on circuitry such as used in tel ephd(E/P§95d3344

i nterface equi pnent. _ | soljati on.of end user tel ephone
equi pnent fromthe tel ephone network is required by the U S
Federal Communi cati ons ConMi'FELEPHONE ISOEATIONDEVICE t ' regul at ory

agencies in other countries. The primary purpose of this regulation is to
10 protect the network fromfaulty end user devicces and from accidental
connections to povver lines and the |ike. The specific
T-egul-at-i ons-DISKSIOUBE g Invention hange from country to country. -

3

"5 The present invention relates g‘enerally'toi eggcuOMC circuitry and more
particularly to isolation circuitry such as used in-',té]:ephone line interface éqmpment.
Isolation of end user telephone equip‘nient from the telephone network is
required by the U.S. Fed:ral- Communications Coi;mufssion and other counterpart
regulatory agencies in otber countries. The primary purpose of this regulation is to
10 protect the network from faulty end user devices and from accidental connections to
power lines and the like. , _
"~ The specific regulatmns for such isolation change from country to country.
The U.S. requires 1000 VRMS isolation while othe_r_ countries may require 3500 to
4000 volt isolation. These regulations are.usually éependent on power line mains
15  voltage and internal country safety requirements.- gommon wisdom among those
skilled in the.ﬁeld of Dire_pt Aéc_ess Anangemen?:s ':;Sr DAA'’s has shown other
techniques than the application of isolation tranéfof_iners between the end user
. equipment and the network. Therc has been some recent recognition that cértain
~ paths can be isolated usmg othef techniques. For example, U.S. Patent No.
20 4,864,605 to Ramsey et al shows the use of a coupﬁhg-transfonner in the main _
signal path and optical 1solators in the ring detect and off-hook driving circuitry. In
- asimilar way, U.S. Patent No. 4,417,099 to Pierce dxscloses the use of opto-
-isolators in the digital portlon of the data paths of a hne-powered modem.
Moreover, U.S. Patent No. 4,757,628 to Falater et-a}l_ discloses an electro-thermal
25  isolator coupler in conjunétioh with an RF capacifi ve coupling mechanism. This

= - gy stem claims to provide a DAA device, but requxres a substrate having a subscriber

" portion and a line portion electrically isolated fromeach other.
Moreover, U.S. Patent No. 5,245,654 to Wilkison et al discloses an optical

isolation coupler circuit characterized by wide band width, low noise, and high



The U S. requires-1000. VRVS isol ation whil e -et-her—eountries may—+equire
3500 to 4000 volt isolation. These regul ations are usually dependent
on-power line mains 15 voltage and internal country safety requirenents.
Conmmon wi sdom anpng t hose ' skilled in the field of D s

Ar r angenent s ‘UP’W&B% has shown ot her t echni ques thgﬁ{uﬁéﬁﬁg&
application of isolation transfornmers be2ween the end user equi pnent
and the network. There has been sone recent recognition that certain

paths can belineaityt FHiswchicniy has proven experisipesdue tbdie dghatyndonpled dpticaht ent No.
20 4,864,605 to Ransey et al shows the use of ‘a coupling transformer in

t he main devicesjrgguirediprovida thspuecessary fegdbackifor linearitg. ri ng detect and
of f-hook driving gircuitr ' Vx\{? Pat.ent

] . inila . U.S. No.
4,417,099 to Pier m%ﬂté@%ﬂéh%@‘ﬁa‘bgk%lﬂ%& tor thermpal, rssistiys, apg

di gital portjQr d L E \ eover,

U. S. Patent kg&agis?w%&g&%otﬂ%g%?g&f oé‘tlédzlaﬁk% L sﬁ%ﬁﬁg}rgﬁowlf’h% | 25

i sol at or g oupkRhsive 1§ BRIIBE! THE u¥d b arPiftdBrated BRGit fo\R thdid anism . .
This -------- Iﬁgig/lst enm cl ai ns tou'provi de egFaDAA _'d_e_\}f (?e, e‘gﬁwr eqwfér?ggaa
substrat e hafreqéeney sighaly'da®e supplanted by@théraneans tha atd iOredcust effective to
electrically isolated fromeach other. . " Moreover, U S Patent
No. ‘5, 245, 65praducanTheicapacitive appraaciciendsitselirtogpnorsdntegrated designonsing tass

coupler circuit cpar acterized by w de band wi dth, |ow noise, and high
external components. - . :




WO 97/ 15135

PCITUS957 13344 T ' ' 2

linearity. This circuit has proven expensive due to the tightly coupled
opti cal devices required to provide the necessary feedback for
linearity. woorsias The present invention elin nates thepcrysssnaswent for
thermal, resistive, and optical isglation. The thermal and optical

i sol ati on requirenents are conpl ex and expensive to produce. The use
of an integrgl.ga t‘#&ﬁégernally transfer |ow frequency S|gnals
can be supplant ns that are nore cost effective to

~produce. The capacitive approach lends itself to a nore integrated deS|gn
using | ess external conponents.

The present invention-provides an isolation circuit that is devoid-of a-

" coupling transformer, optical isolator elements, and hxgh value res1stors, and yet is

5  practical for use as a telephone line interface.
In one aspect, the present invention uses a pair of capacitors that
differentially couple analog transmit and receive channels in full duplex _
communication across an isolation barrier. The capacitors are connected across the
isolation barrier, and each transmit or receive signal is processed to generate
10 respective paired complementary signals." A switching network on one side of the .

barrier is clock driven to differentially charge the paired capacitors in j_r_xe{emental

fashion with the paired complementary signals. On the opposite side of the barrier,
a clock driven switching network receives the differential charges on the paired
capacitors, generating paired complementary signals that are processed to form a

15 single analog information signal. Clock signals and off-hook and ringing signals are
also transmitted across the barrier in similar fashion. |

In another aspect, the invehﬁon can be configured to engage two pairs of

capacitors that differentially couple analog transmit and receive channels in a user
device across an isolation bamer to a telephone line pair for full duplex ' _

20  communication on the line side. The interface circuit, which also includes a hybrid - -

circuit, includes first 'and second oppositely directéd capacitor isolation circuits

The first is disposed between the transmit channel and the hybnd the second jg

connected between the receive channel and the hybnd _
~ More specifically, a t.ransmn-capacxtor isolation circuit has an input located

25 on the user device side of the isolation barrier and an ’_dutputbn the line.side of the

barrier and generates analog signals at its Giitput corresponding to analog signals at

its input. A receive capacitor isolation circuit has.inii.xip'ut.- located-on the line side-of ——— -

the barrier and an output on the user side of the barrier and generates analog signals

at its output corresponding to analog signals at xts mput
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Sunmary of the Invention SO The present invention provides an
isolation circuit that is devoid-of a " coupling transfp |ca
i'sol ator el en¥RYASBAd hi gh val ue resistors, and.yet is ‘ar}@%’?l%g for
use as a telephone line interface; 4 1n one aspect t he present
i nventti on uses a palr of capaC|tors t hat ‘differentially couple anal og
transmt andBrieff v fing duplex .. conmmunicatiqn across an
i sol ation barrier. The capaC|tors are connected across the I sol ation

.barrier, and each transmt or receive signal is-processed to generate 10

{ ﬁzpect ve pa| ' ed ng)i is a 101} o gnai b?oc?( cfiagr'g‘mst\# Pepggn n{et;[te@ace s%gw%]gethil (jeof

- interconnection of the present invention between auser device and a telephone

5  network. | e

Figure 2is a funeuonal block dlagram of an embodlment of the telephone

mterface of the mvenuon featuring mdependent transmlt and receive circuits.

10 ngure 3 isa funcuonal block diagram of another embodnnent of the

telephone interface of the invention featunng a combmed full duplex transmit and

recelve cu'cult.

‘Figure 4 is a detailed schematic diagram of the transmit circuit on the user

15  side of the telephone interface of the present invention.

‘Figure 5 is a detailed schematic diagram of the receive circuit and ring signal
interpreter circuit on the user side of the te_lephene.f__interface of the invention.

20  Figure6isa detaﬂed schematic diagram of.:ﬁie..s_;w_i_,tching_ clock generator,

- phase control, and off-hook control circuits on the;_{_p'_'ser side of the telephone

interface.

Figure 7 is a detailed schematic diagram of the transimit circuit on the line
25  interface of the telephone interface of the inVentioﬁi. f_

Figure 8 15 a detailed schematic diagram of the receive circut o the line

interface of the telephone interface of the inventib@i.'



barrier is clock driven to differentially charge the paired capacitors in

i ncrementar. f ashiom Wt t he pai Ted conpl enent ary signals. On the
opposite side of the barrier, a clock driven sw tching network
receives the differential char ges on the paired capacitors,

gener ati ng pawae/18138pl enent ary signals that are processed tREHEPMIRI4S

si ngl e anal og information signal. C ock gignals and off-hook and ringi ng
signals are al so transmitted across the barrier. in simlar fashion.

I n anot her aspect Fj 9i 19 aetdiRe sERemitR: tﬁﬁﬁa&xﬂéﬁtﬂé‘hﬁ@nﬁ&qm&d’%lﬁgérs of
capacitors that differentially couple anal'og transmt and receive Channels
in a user generatey cireuitsoot® lime sideadfahe imerfaverdf elie Invemtidrel ephone |ine pair
for full duplex. 20 conmununi cation on the |ine side. The interface circuit,

whi ch al so incl udes.a-hybrid-——  cirguit.,..i ncludes-first.and second
oppositely directed capacit spl ation lI‘CUIt The first is
di sposed bet ween F mf‘%ﬂ&?“‘i‘fﬁgﬁ?ﬁﬁ’mﬁﬁg’ gﬁwwﬁmt‘ie%ﬁac%ﬂn
connect ed tmg S’ﬂﬂ he hybri.d.. More -
specific r%ﬁ%ﬂ# ggt\éggﬁg ?’so gﬁ n circuit has an input |ocated
25 on the user device si de of the i solation -barrier and an output on the .
line side of the barrier and generates -anal og signals at its output
corresponding to Hiwtm@lssagdﬂhﬁe@&chemaﬂc diagtan bfaﬂnmngﬂinteﬁaee%&cﬁmﬁﬁmd or -
isolation circuit has in input-l-oeated on the line side of t he
barrier and ane&#@ﬁthmtqrf@eewexvam the barrier and generates anal og
signal s at its output corresponding to apalog signals at its input.
10 Figure 12 is a detailed schematic ‘diagra:'m of the ring detection and line

coupler circuits on the line side of the interface of the invention.

Figure 13isa détailed schematic diagram of the reference voltage generator

~ circuit on the user side of the intérface of the invention.

15 ;

Figures 14a and 14b are simplified schematic diagrams depicting the
operation of the differential capacitor chérging at-:_d-jde-tecting circuits of the
invention. -

20 Figure 15 is a simplified schematic diagram depicting the common mode

noise characteristic of the. differential capacitor chargmg and detecting circuits of

. theinvention.. .. . o

Figures 16a and 16b are graphlc depzcuons of the common mode noise signal

25  of the circuit depicted in Figure 15.
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Description

of the Drawing Figure 1is a functional block

di agram of a @81:?%)%9 e interface show ng .t he o nterconIg,%c;;“,|s§13)m§,{4 t he
[ ntron bé

present inve

Figure 2 is

ween a user devi ceoémd a tel ephone 5 net wor

a functional block diagram an enbodi nent of the tel ephone

i nterface ofthe i.nvent.i jﬁeatiﬁiﬂgi.i ndtependent transm.t and receive

circuits.

B S

The present invention provides a.tel_e_phong isolation circuit 22, shown in
Figure 1, that is used to connect a usef device 21 .:_t-'o a telephone line circuit 23,
syinbolized as a RJ-11 connector. The tele_phbne isolation circuit 22 ie re:ferred-to

as a Direct Access Arrangement (alte_rhatively, Data Access Arrangement), or DAA,

and is devoid of coupling transformers, optical isolator elements, and high value

 resistors, while providing optimal communication paths and isolation between the.

10

user device 21 and the line circuit 23. _ .
 With regard to Figure 2, the DAA 22 of the invention generally includes a

user side having a transmit coupling device 26 which accepts communication

“sighals from the userdevice, a ré'¢3iVé coupling dévice 27 which delivers

15

communication signals to the user deVice, aring f!“etector 28, an oscillator and clock
driver 29, and an off-hook driver 30. A salient feature of the DAA 22 is the use of
capacitive coupling to electrically isolate the user device from the line circuit.

Thus, a transmit capacitive isolation circuit 31 _coﬁnects the transmit coupling
device 26 to a transmit line coupling device 32, and a receive capacitive isolation
device 33 connects the receive coupling device 27 to a receive line coupling device
34. Likewise, a cloek, _capécitive isolation device 36 connects the oscillator and

clb&ik driver 29 to an oscillator' detector 37, and an 'off-hook capacitive isolation

: devxce connects the off-hook driver 30 10 an off-hook detector 39. The isolation

__devices 31, 33, 36, and 38 transmit their respecuve signals across the user-line

--interface to permit standard telephone operatxons whxle providing high level
electrical isolation between the user device and telephone line. -
The transmit line cgu_pl_m_g device 32 and the receive line coupling device 34

are connected to a hybrid éirc'uit 41, which ih 'tnmi’is connected through a line

interface- c1rcu1t 42 and a~re1ay and detector c1rcu1t 43 to the telephone line. The

oscﬂlator detector 37 is connected to the receive hne coupling device and to the

transmit circuit 32. The off-hook detector 39 is con_nected directly to the line switch




10 Figure 3 is a functional block diagram of another_ enbodi nment of

t e rereptione interface of the invention featuring a conbined full

dupl ex. transmt and receive circuit. o Figure 4 is a

detail ed schematic diagramof the transmt circuit on the user 15 si de of
- the tel ephonwe srmst3sace of the present invention. - PCT/USIFdd e 5 i s

a-detailed schematic diagramof the recgive circuit and ring signa
interpreter circuit on the user side of the tel ephone interface of the

invention. andQetector circuit BBOW An@iridicatordtitMal dnd GRVERA i cbnaséad of the
swi tching cl ock generator, .phase control, and off-hook control

circuits onbetweenshe reteile capaditive iselatiphdevice 33 and ithd ke sweiech and detector
Figure 7 is a detail ed schematic diagramof the fransmt circuit on the
Line.25...igirewit 43 Generatly speakingdhedevieasrandwircpits had4, AVeifliapd 4144 °
. are considered to be on the telephone line side of the DAA 22. | ! |
5 " The circuit configuration fnaﬁ be simplified, as shown in Figure 3, in which
similar components are labeled with thE same referénée numeral and a prime (')
designation. In the embodiment of Figure 3, the cl_oék driver circuit and off-hook
driver device are connected through the same clock capacitive isolation device 36,
and the transmit and receive functions are conducted. through a single capacitive |
10 isolation device 31" using a time division multip.lexi.nzg.-technjque. This .
simplification permits the elimination of comporien_fé 30, 33, 38, and 39, with the
~accompanying savings in parts and labor cost. ' |
| With regard to Figure 4, the transmit coupling device 26 includes an input
buffer circuit 51. The TXA+ and TXA- signals éré_‘rec‘eivéd'differentially by the
15 buffer 51 from the user device, and the buffer 51 'uéhslates the incomirig signals
into a single ended signal to be used by the differential translator signal driver 52.
(The TXA- signal may be grounded for a single ended input device without
affecting the operation of the circuitrj as described herein.) ‘The differential signal
'from driver 52 is fed to a &ansmit switch network 53 which charges the capacitors
20 54 and 56 of the transmit capacitive isolation device:31, as explained below. On the
line side of the isolation interface, the transmit line;é;)upling device 32 includes a
.. transmitter signal recovery switch network 57, as.;shi_:):wn in Figure 7. The network
57 is composed of a quad switch circuit configured similarly to the capacitor input
network 53 on the user side, and synchronized the_réf}ith by a common clock signal.
25 The two networks 53 and 57 operate c.bo.peratively itéé‘Switch an information signal

e« o 3CTOSS the-interface barrier in a rejterative process. The following explanation

described herein for transmitting signals across the iéclation barrier.



Figure 8 is a detileded-schenatic-diagram af _the receive circuit on the
l'i ne interface of the tel ephone interface of the invention.
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Figure 9 is aYV4F18d schenatic di agramof the line i nterfapcczﬂ%sr?gl?g‘ftage
generator circuits on the line side of tBe interface of the invention.
Figure 10 is a detailed schematic diagramof the switching clock circuit on
5 - the line sideWith regard tetRigurgdd, e twediffareatial syritching networks can assumeyur e

11 is a detail ed,schemati_c di.agr of ,the ring interface girguit. on the
Fine si de of CVAGHIHER RREEUEIONnHpRAE o Whetter e clock signai s highor
low. When the clock signal is high, as shown MFggure 14a, the positive differential

signal V+ is conducted to capacitor Ca; charging Ca and causing the signal to be

5 conducted directly to op amp A, resulti:ng-in.si'g'nél' Va. I_.ikev}ise,'differémial signal
V- passes through capacitor Cb td op amp.B, régpiting in signal ¥b. When the
clock signal shifts low, the quad switches ﬂlpon Both sides of the capacitors,
resulting in the circuit arrangement of Figure l4b Signal V+ charges capacitor Cb,
and signal V- charges capacitor Ca. The signal from Cb goes to op amp A, and the

10  signal from capacitor CA goes to 6p amp B_.. Thus, although the chéiges on _
capacitors Ca and Cb have been reversed, the signal V+ is conducted to op amp A
and the signal V- is conducted to op amp. B, so that Va remains a function of V¥, .
and Vb remains a function of V-. This process reiterates in synchronism with the
clock signal, transmitting the signals across the i_Sqlation barrier.

15 Using this techniéue of switchi_hg the capacitor polarity in an.opposite way
the telephone voice band signal frequencies are a;blé to pass through a small value
capacitor and still transfer 80% of the signal valﬁe..-at Vaand Vb.

This signal transmission technique signiﬁcantly reduces common mode
noise. The equivalén_t:cix;cuit for common mode noise, Vn, is depicted in Figure 15,

20  Assuming that the capacitor ratio Ca/(:’b is less than the resistance ratio of the -
voltage divider, then in the high cl:)ck state, Va = +1 /2 Vnand Vb=-1/7 Vn,andin
the low clock state Va=-1/2 Vn and Vb= -fll_é Vn Givena Vnsignal input as

depicted in Figure 16a, the correspbnding signali- foinput is depicted in Figure 16b. - oo -

- The common mode noise has been shifted from the voice band into the clock
25  frequency by the signal transmission technique and eliminated by a low pass filter

wiown. . having an upper corner cutoff of 10 KHZ to 15 Khz.

Returnin' g to Figure 7, the two é_p anips 58 and 59 serveasa buffer 61 to- - o

- recover the differential signals and restore them tb_é proper level. The buffered

differential signals are fed to an op arnp-convenei §ircnit 62 that restores the



10 Figure 12 is a detailed schematic diagramof the ring detection -
ama—time coupl®er—citcuits on the line side . of the interface of the

i nvention.’ - Figure 13 is a detail ed schematic diagram of the
reference vol tage generator _circuit on the user side of the interface
of the i nvenwem/i1s15 " Figures 14a and 14b are sPGHP$SAEYS - '
schemati ¢ di agrans depicting the goeration of the differential
capacttor charging and detecting circuits of the . invention. .20
Figure 15 differnthldigndls &fhﬁﬁ@l@fﬁhﬁw si@lnalg "PH8 ViR 6 resiStord 63 af@ GBRMmapde

noi se characteristic of the differential capacitor charging and detecting
circuits of be selectively viaried no alter.the gain of the transmitpayhyy insacddrdancedwithiithenr e

graphi c depictions of the common .nbde _noi se signal 25 of the circuit
depicted in reqjzeraents of various modem mtegrated cn'cults The single-ended signal is fed . B

through an anti-alias low pass filter 64 which has an upper comer frequency of
5  15KHz to remove the residual effects and noise generated by the sw1tchmg network ) _:’:'
57, as well as common mode noise. The resulting output is the TXAL signal, a -
smooth, filtered, gain-controlled analog sxgnal equ:valent to the user generated
information signal.
With regard to Figure 9, the TXAL 51gnal 1s connected to drive a low
10  distortion transmitter signal current driver 71, which in turn is fed to the hybrid
circuit 41 or 41' of Figures 2 and 3. The ':hyb'rid circuit consists of an op amp
connected to function as a receive path amphﬁer 73 that produces a voltage equalto
the superposition of the outgoing and incoming currents on the line side, and a
return signal cancellation circuit 72 that removes a selected proportion of the
15 outgoing signal. For voice communication, a small amount of the outgoing signal is
permitted to pass through the receive channel, creating a side tone effect. The
speaker thus hears a small portion of his/her own voice, g_iving presence to the
connection. For mern; applieations and the like, circuit 72 provides almost
complete elimination of the outgoing signal to the user device. The degree of side
20  tone removal is determined by the accuracy of the impedance match between the
telephone line and resistor 74. ' |
Resistor 74 and capacitor 79 are connected in series between L+and L- - - — o
(common), and the output V], to power Sﬁper'éﬁBiE' voltage reference 81. Resistor
74 generates a voltage proportional to the curreﬁt flowing in the line, and capacitor

25 79 bypasses the AC signal on the line. Circuit 76 comprises a positive voltage

regulator producing a voltage V1(+3V), whieh-ﬂée-previdés«é—- stable driving

voltage for a current reference generator 77, which produces a cuirrent 17 The

stable current 1] is fed to a DC resistance control circuit 78, which sets the DC

resistance slope for the DAA in accordance with the regulations formulated in the
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BeClI:IJ?gtSI (1)ﬁ3g? t he Preferred Enbodi nent The present invention prgvi des
3Stegl teghggﬁngz\?bg‘h@%rc'ci;\c/rlcte gi tgthIIeI Ialphonse I.1 ‘ne circui tgg'glﬁsﬁsmﬁ %
synbolized as a RJ- 11 connector. The tépephone I.solation circuit 22 |s

o Rt R B s €t 5 ot B 3L e b

t f I I I t.S d J .
ocistors,  wHE GPOYRLERD She ﬁa%x”ﬁﬂmeasi‘oatﬁsﬁ 6 H0R dessriberdorein: Ths

oo "oe" 1" ynigue control circuitn ARic SW(?EH%@I %Ie%é& thitofthietine. |\

i ncludes a sjde apparatus wndld&%ﬁ{teﬁérﬁ% Wikl éirﬂﬁ Qﬂl e 26
whi ch accepts conmuni cati on . sirgnal s from T he user deV| a recelve

~ coupling ﬁevdsmﬂ&nﬂansfmtdtynnl/mranon mechamsm, and CONvens i@ biroent Srain éHes, 1O
t he user devi ce, ring detector 28, an oscill at or and clock - .
driver 29, ahaesmoa voltaggisupply. 30. A salient feature of the DAA 22 is

the use of : |t|vecupI|rJg o electr lly.isolate the
user device from TH%CI’?‘IIEL}%EI%E grqduces the receive. Ime 513‘T4III§&‘3 chaisfed "

¢ apaC| tive i 5obatd 28iffdbmi Sighkl HOBARS! fod Iﬁgﬁrre%? S'cbnVet Ble' s¥kte-ended
RCVL signal to complementary dxfferentxal sxg:

s. These signals are fedtoa.
10  clocked switch network 90 which is dnven by the'complementary clock s1gnals
CKL and CKL\to dlfferentlally charge the 1solatxon ‘capacitors of cxrcmt 33. The -

operation of this network aré descnbeq with’ ref;gqr__z;:e’to Figure 14 in the preceding.
description. o
With regard to Figure 12, the line 1nterface 42 and the line switch and
15 detector circuit 43 (of Figure 3) 1nc1udes a sohd state off-hook hne switch 82

comprised of a pair of parallel transistors to op and close the current path from

the telephone line to the L+ output. An off-hoé 1tch dnver 84 is controlled by

an off-hook clock reccwer and charge pump cu'cult 85 which is connected to the

Iine sides of off-hook 1solanon capacitors in dey "-36 of Figure 2. A secondary

20 transistor 83 is used in con;unctmn wuh the off: sthch dnver 84 to insure only
for 85Ais sufﬁc_xent_ to forward

4. A bridge rectifier 86,

. leakage current flows unu;_l. the energy across caj
bias the darlington pair of the off-hook switch.
cdnnected between tt_xe TIP connection:and the— ok-line--switch, is-formed of

| s poléﬁty from the TIP signal.

.signals the DAA to go off-

Schottky diodes or the like, to regulate plus and
25 With regard to Figure 6, when the user d
hook by placing the OFFHK\ line in a low state

stor 87 is forward biasedand ... ... ..

. turns conductive.-—-—'-S'qnare--wav&_generatidr---&%-op

constant frequency (e.g., 600 KHz), wIiich is fe vide-by-two counter 89 to

achieve a 50% duty signal. Activation of transist 87 permits the counter 89 to




device 26 to a transmt line coupling device 32, and a receive_capacitive
I solation - device 33 connects the receive coupling device 27
to.a receive |line coupling device ~34. Likew se, a clock
capacitive isolation device 36 connects the OSC|IIator and

cl ock driver WOYVHB1¥nh oscill ator detector 37, and an off- ho5‘§T’8§ﬁ§QBW| ve

i sol ati on . devi ce connectld the off-hook driver 30 to an

of f-hook detector 39. The isolatiaon . devices 31, 33, 36, and
38 -transm t operale, pawpgﬁlelsqéarswgﬁ‘v&l(et MKHZ) tdmduﬁf;mﬁal off-hook clock i nt erface
to permt standard tel ephone operati row di hi h. Ievel

el ectrical G5YERP}-oRN %él%ﬁbéﬁ"f-qﬁ%l mﬁeﬁj@\‘?l ?ﬂfg Afeto the

25 The coupl i.n vi ce,.32- and t he recei.ve line |
coupl i ng dewgesléego%capacltorsmc 9&&3 egéd t0- a- hybri-g-ei-rcuit41,

which in turn isg ggﬁﬁ
I nterface-circui t% _a%é@%l%tﬂ%ggqgl'hd}ed'hﬁ%rgﬁmg?x}%eﬁfe{l tﬁ?qg l%a”% el ephone
linge. The coupling capacitor %&ldelvalbpfamtl&fdlgfea?& then e WYeSHad of Gerigfe T ecei ve

line coupling device and to the - transmt circuit 32. The
of f - hook detdimiedi4. 3@hen rmgrstgmlsefmmmhemldpymn@lmhmabh pealsaboye
WO 97/ 15135 PCT/ US95/ 13344

. WD 97/ 15135 approxxmately 30 volts peak they raise the DC level across the pagg]ﬁcﬂqresxstor-

" - zener network 96, This voltage attains a level no greater than approx:mately 5.1
volts, and compnses the RIG signal that is used to power the switching network 97

10 and nng oscillator of F1gure 11. Swuchmg network 97 passes the ring oscillator

signal _to the line side of the receive 1solanon capacitors of device 33 (Figure 2).

" Ring oscillator 98 (Figure 11) is set to operate at approximately 300 KHz, and feeds -
the differential driver circuit 99. A lockout circuit 101 prevents the ring signal
information from being generated unless the DAA is on-hook. When the DAA is
15  off-hook the transistor of circuit 101 is turned on, preventing the RIG signal from
actuating the switches of circuit 97 -
On the user side of device 33 dxfferentlal switched network 102 (Figure 5)
receives signals from the isolation capacitors of device 33 and is synchronized with
- them by the clock signals descnbed prevmusly The recexved signal is recovered in
20 Mdlfferenual analog form and fed to an mput signal buffer 103. The buffered signal
is fed to a converter circuit 104 which transforms the differential analog signal to a
_single-ended signal. The output of the op amp in circuit 104 sets the gain of the '~
- receive side. -The value of resist;or lﬁS':éan' be adjusted to adapt to different modem
chips. | _- ' '
25 The signal output of the differential to single ended converter 104 provides
-+ t.....input for two.different applications.One-is-the receiver section that is-active when--- - -

-~ the DAA is off-hook-The signal-fromconverter 104 is fed to an anti-alias Tow pass ™

filter circuit 106. The filter corner frequency is approximately 15 KHz to remove

‘the switch noise and high frequency RF noise on the telephone line. The op amp of




and detector circuit..43.. Aring i.ndiccator oscillator and driver 44 is
connect ed bet ween the receive capacitive isolation devi ce 33 and
the line switch and detector. - ~Grcuit.43 . Generally speaking, the
devi ces and ciy; (ﬁ 532 34, 37 39, and 41-44 - - ar epERUSIsASgd to
be on the tel ephone Flne side of the DAA 22. 5 The circuit
configuration nay be sinplifi.ed, as sho in Figure 3, in which

S oL P W T R BT ™
driver circug mi%@ﬂ'orf’f'g'ﬂe‘ﬁefv 81Fn?llcom ises file! ag.g(og%&éx&@d ﬁéx?alcfgpélfﬁ%gd through

t he sanme cloc capaclitl ve 1 SO ev ce transmt

and recei ve §evieds confiedti@icRaieimack. I THOsPufortutits ir6@P 04 Is 16 fed _ 10
i sol ati on deviee--31-—usi-ng--a-ti-Ae-divi-si-on--mHi-ti-plexi ng techni que. This

si nplificati toyghr switch 107etoed rimg indigator obfcuitd080 Thetrecedied didlogiignaligl 39,
with the acconpanyi ng savings in parts and | abor cost.
W th regatd represegiative of theyringingsignal: IESedDAAds eovicok and theOFFEEK signal nput

buffer circujt 51. The T TXA- J a received differentially by
the 15 1S AB§EH0P S’I'Pﬁ'rﬁé ik ‘EiH H&b?@iaﬂ‘if?ﬂ d theregeived anajog sigaakloa; es
the incom nga?ﬁlg'?&héator cu‘cmt 108 . The stgnal is rect:ﬁed by diode 110 and used to charge

. capacitor 111." The ce_gee_xter charge is compa_redfb_.y op amp 112 to a fixed voltage
reference, and a ﬂng=;_sj'gnélgputput RN\is generatetl_When the charge exceeds the
10  reference. The outp_'u't RI\IS provided to an output connection point of the user
interface. | |
~Ornecircuit’ necessary for the functioning’ of various portions of the user side
. ofthe DAAisa reference ‘voltage generator 1 13 depicted in Figure 13. The circuit
113 operates on the standa.rd VCC provided on the user side, and generates a 2.5
15 VDC stable output for’ the op amps on the user side. Returning to Figure 6, the 300
KHz square wave output of the counter 89 is also fed to a differential clock driver
circuit 116, which generates the signals CK\CAP and CKCAP used to transfer
energy across the 1solataon capacitors. The output of counter 89 is also fed to a

..phase delay circuit ll':': '-whlch is designed to matchithe delays of the external

20 1solanon capacnor elements of circuits 31, 33, 36, and 38. The phase delay circuit
117 generates a corre i} "'"'_jed clock signal for the ;tWO phase clock circuit 118,

_ Which in turn S“PPI " ock signal pair CK andCK\ to all the user side coupling

- dOVACES. e e e |
Another cireur necessary for various porti&ﬁ of the line side of the DAA is

25 theclock system deprcted in Flgure 10. Clock sxgnals transmitted through the

lt 121, and processed by a

aquarmg c1rcu1t -1 22 The eutput -of-eircuit 122 is the clock signals CKL\ and CKL

which are used to dnve the swntchmg networks of Fxgure 7 on the telephone line




into a single ended signal to be used by the differential translator signal
drrver 5Z. (The TXA- signal may be grounded for a single ended
i nput device w thout ~ affecting the operation of the circuitry-as
described herein.) The differential signal ' fromdriver 52 is fed
to a transm (W@¥IMSEF network 53, which charges the capacit oSS 54
and 56 of the transmt capacitive isol 48i on device 31, as expl ai ned bel ow.

On the line side of the isolation interface, the transmt |ine
coupl i ng - degidee Thits threctloclesignals originating on the eses side taeer transynigted nerosy they
. switch network 57, as shown in Figure 7. The network 57 is

conposed of intedfacetosynehranize the signal dacoding eathe linasids.y to the capacitor
I nput etwork 53 on fhe .user sigde, and synchronized therew th by
P omon_cl ock s TR aitouits described NPl Toay, 0 EFiRGH PL de%oss Ihotere Sutsrals

nonroi tor SompRosith i dnd e SarP b e @Rt RfERA Bstog ok OLGHAF, 7T T T

onlyto. et uEikcSeckhigudd. 57, but- to all the, differential network circuits
described herein for transmtting signals across the isolation barrier.
The foregoing description of the preferred embodiment of the invention has

been presented for purposes of illustration and description. It is not intended to be
" exhaustive or to limit the invention to the precise form disclosed, and many
modifications and variations are possibie in light of the above teaching without
10 deviating from the spirit and the scope of the invention. The embodiment described

is éelected to best explain the principles of the invention and its practical application

""to thereby enabie others skilled in the art to best utilize the invention in various
embodiments and with various modifications as suited to the particular'purpose _
contemplated. It is intended that the scope of the invention be defined by the claims

15 appended hereto.
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Wth regard to Figure 14 the ¥ wo dlsfferentlal swi t chi ng networks can

assune - wo oy di fferent configurations, depending upecwugsshisas t he
cl ock signal is high or . ' | ow. en the clock signal is high, as
shown in Figure 1l4a, the p05|t|ve differential - signal V+ is
conducted to capacitor Ca, charging. CG?FM‘ causing the signal to be

5 conducted directly to'op amp A res I'ng in'signal Va. Likew se,
differential signal V- passes through capacitor Cb to op anp B,
resulting in signal Vb. Wen the clock signal shifts low, the"-

. quad.switches flih hnaxbmbhuohdnsuwfondmneamgdihsar device to a communicastioht i ng in
t-he—et+-reui-t--arrangement of Figure 14b, Signal V+ charges capacitor Cb,
and. si gnal \ling pair g@riuammwnmcm@ thedinetpapwig gmf ing an pleatrjcal,

and the _ pnal, fromcga es to Thus,
al though 3 heISE’FlﬂS‘Pﬁ between the scr((sg%ﬁﬂ%gggmgaxdaﬁg ﬂwswaven Sewts ever sed,

t he signal V+ Sn?ﬂEdUCt ed to op amp A . and the signal V- is ,
conducted to- 0116 rf‘p B, so that Va remains a function of V+, and.
Vb renmins a funch ie pair of capabitos URASAEE akrbd REELRSricH SYREBA Bl W t h

t he : cl ock S|gnal transmtting the signals across the iIsolation
barri er. eachldf said capacxwrs having ilike farstrenids cennettedwo saidiong stdecofsajthci t or

polarity in an_opposite wa t he t el ephone voi ce band signal
frequenci es isolatigp|circuis apdixketsmdgmdacgmted\xa thecother side of said isolgstoni t or
and sti IL transfer 80% of the signal value. at Va and Vb.

This sig Q1 FTSHEhi ssion techni gue significantly reduces common node

noi se. The equivVv ﬂﬁ%ﬁh %rﬁﬁ’ |
Fi gure 15, 84?8% ﬁg%ﬂ%ﬁg“{l%?&t e céip@m hé:rgfs %ﬂbﬁp&ﬂﬁﬂ fF‘%ass han
the-resi st angge sidk t®s4ifl ot side, mcludmg mei®d for AffeléntialigIchaldigg siid 1B girkti gh -
clock state, Va = +1/2 Vn and Vb = | /2 Vn, and in
ends of said pair of capacitors with said mformat_lon signal, means for receiving said
differential charge on said like second ends of saigl_pair of capacitors, and means for
15  converting said differential charge on said seconda_;iend to a restored information

signal.

2. The isolation circuit of claim 1, whereifi said means for differentially

charging includes diffgarcmial translator circuit m_éfgns for receiving said information ... . . . .

20  signal and generating paired complementary diffégéntial signals correspondingto

said information signal.

3. ' The isolation circuit of claim 2, wherem said means for differentially
charging includes switched transmit network means for incrementally and
25  alternately switching said paired complemgntary g'ii':ifferential signals to said first

__;___ggq}g__qi ‘said pair of capacitors.

e [ THIS SHEET HAS BEEW]
' Thls Sheet Has Been Re ﬂ N _ REPLACED
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the low clock state Va = 1 /2 Vn. Gven a Vn _signal |nput
as depi ct éEI' ] H“‘“& ﬂﬂmmlﬂﬂ cor r espondi ng signal output is
depicted in Figure : " The tommon node noise has been shifted
fromthe voice band |nto t he cI ock 25 frequency by the signal

" transni ssi onW@¥HAIRue and elininated by a | ow pass filter PCT/USIVI3344

havi ng an upper corner cutoff of. 10 KB to 15 Khz. Returning to Figure 7,
the two op anps 58 and 59 serve as a buffer 61-to - _recover the

cdifferential sig#éalBheisdlation tivewit dfeinini 3, ﬁnrqhenmehxding/ﬁist clobke sign‘at micenk
differential signals are fed to.an op anp converter circuit 62 that
r est or es t héor generating a clock signa) 19 dgyssaid switched transmit network means to

) ) . PCT/ US95/ 13344
di fferenti aPperipreitsratively apdiyelicallyded si gnal . The-val ue of resistors 63
and 63A may be selectively varied to alter the gain-of the transmt
path, in accordance wth the -requirenents of various nodemint egrat ed

‘circuitss The si gyl PneReRMoR ciifit of Slafn®d, wherein said means for recexvmg said
differential charge includes switched receive network means for mcrementally and
alternately switching charge levels from said second ends of said capacitors to form

pairéd complementary received differential signals.

10 6. The isolation circuit of claim 5, wherein said means for receiving said "
differential charge includes differential decoder circuit means for receiving said
paired complementary received differential signals and generaung acorrespondmg -

received information signal.

15 7. The isolation cn'cuxt of claim 5, further mcIudmg second clock signal
means for generating a clock sxgnal to drive said swztched receive network means to

operate rexterauvely and cyclically.

8. The 1so!at10n circuit of claim 7, further mcludmg means for ' _

20 synchronizing said first and second clock s1gnal means.

9. The isolation circuit of claim 8, wherein said means for synchronizing
includes means for transmitting clock signals acroSs said isolation barrier 1o ink
said first and second clock signal means.

25

10. The isolation circuit of ¢laim 9, wherein said means for 't-ransmit;ing- - e e

clock signals includes a second pair of capacitors connected across Said electrical ~

isolation barrier, each of said second capacitors having like first ends connected to



t hr ough pass filter 64 which—-has-an upper corner .
frequencﬂ'“ﬂ”“l““li“ﬂﬂl—lu o renove the residual effects and noi se generated
by t he swtchirg fet fork 57, as well as comon node noi se. The

resul ting out wgensizshe TXAL signal, a snoot h, filteredeCTuses/13zad

gai n-control | ed anal og signal-equivaleng to the user generated
I nformati on signal. Wth re %rd to Figure 9, the TXAL signal is

conneCted to ' 3 | 1030k St [ t mtier; signal current driver
71, which i nsag{lj P ﬁ@ls@ep ggﬁggs?%dea%é}{)%%&d lﬁé@%%rngfj _'{dsﬁﬁ!g‘b ctezf!ito té O&ﬂeﬁur es 2
and 3. The hyhe bflsdidl jsoMtionk@egitst s of an op anp -connected to function
as a receive path anplifier 73 that produces a. voltage equal to t he
super position of the outgoing and incom ng currents on the line side, and a
return signal cancellation cireuit 72 that renpves a sel-ected-proportton—of-—-
the 15 outgoing Kli.gihe isokstonaircui of siaimniG; further including iphasenshifting afieank e
out goi ng signal is perpjfted o pass throeugh the receive c¢hannel,
creating i s?‘H@eP‘Gﬂ@"E‘Y‘TW@ ’%ﬁéan‘lfsecoﬂéﬁlé?ﬁk signpl mepnstpcompensate fo5or +.i-on-—of - -

hi s/ her own voice,..giVvin resen to.f{ ....connection. For nobdem

applicati onsp}%ﬁﬁ s{uﬁ cﬁ“ﬁi‘g?yé?@%ﬁ‘fc%%dff“p 5\7%%53%“ nost conpl ete

elimnation of the outgoing signal to the user:device. The degree of side

20 tone renoval is determ ned by the accuracy:of- the inpedance match

between t he 12| ghbasutationciranitcbfickaiinss, farthet including voltage rddevéryt or 74 -

and capacitor 79 are connected in series between L+ and L- (conmmon),

and t he out pmeand for ceqeiving cungnsiprevided by saidlingpaircindigenenatifg an Rpetatingr

74 gener ates vol t age proportional . ﬁ...the ((:)?-rf.r‘;gn.t flowing in the line, and
‘é; B¢ sige of pai

capaci t of0 2xoltags fpr,drving CIFCRILTY/ QB sai aid isalationchardes.t 76 conpri ses
a positive voltage _ T - S
13. The isolation circuit of claim12, whc:_f_‘gin said voltage recovery means "~
includes circuit means connected to said current. provxded by said line pair and
having high AC impedance and adjustable DC resistance.
15 | ' |
14, The isolation éircuit of claim 12, further including stable voltage
reference means for receiving said operating volféée'and generating a highly stable
voltage reference for circuitry on said line side ofsa:d isolation barrier.
20 15. The isolation circuit of clair 1, furthiér including another pairof
capacitors connected across said élecfrical isolati bamcr and mcans' for o

transmitting an off-hook signal from said user si said line side of said isolation -

barrier.

25 16. The isolation circuit of claim 15, furth nclqding means for

transmitting a ringing signal across said another air of_ ggg_acitors from said line

side to said user side of said isolation.barrie ......




regul [ oltage VI (+3V), which al so-provi dessa
dT'lg—v'l ammm"ﬂmum’uﬂn\/for g currt(ant ref erence genelroator 7
producé€s & chrrents | *. The - stable current 11 is fed t32405%
resi stance control circuit 78, which sets the DC resitsd
the DAA in aWwo#78&t6e with the regul ations fornulated in th‘@’-’"”s"s"?’m
W0 97/ 15135 17 S
PCT/ US95/ 13344 10

ElI A/ TIA and Bel | IEpAqnéﬂlodlfommsnﬂnmgmnunfb&npnmdngnﬂ agross @an@ecttodDC from
the Vi i nput to power many of the op anp circuits on the |line side
descri bed hisolation barrier between a,i¢iephene line pair agﬁ) A asertdeyices nglugbing the steps
term nati On°€/! | ow drawi ng current for the line si de apparatus w t hout

interfering

transmit i gnal - gGngrad 8B e ARbAGR aRRSs SRR Yikdor & u”ent,from the

5 - differentially charging said pair of capacxtors with saxd—mformauon signal on’ '
one side of said isolation barrier; _
detecting the differential charge on said pair of capacitors on the other side of
said isolation barrier; | S
convemng the detected dxfferennal charges on said pair of capacitors into a

10  received signal correspondmg to said mformatxon 51gnal

~ 18. The method for transmitting an information signal across an electrical -
isolation barrier of claim 17, further including the .étep of converting said
information signal to paired complementary differential signals to charge said

15  capacitors.

19. The method for transmitting an information signal across an electrical
isolation barrier of claim' 18 further including the sfep of increméntally and
reversxbly chargmg said | patr of capacnors in rexteratxve fashlon in synchromsm with

20 aconstant clock sxgnal

20. An isolation circuit for connecting a user f'device.,t.o_ a communication line
* pair for full duplex communication on the line pzii:"@hilé"p‘roviding an electrical
isolation barrier between the user side and the line 51de of the isolation circuit,
25 including;

a pair-of capacitors- connéct:d-acr-oss-sai-d»e}éémeﬂ-isolaﬁoﬁ--bMer;--~-------~------—----—--- T

) switch‘ing"means‘for"‘syn‘ch‘rbr_x‘ousl'y“éwitchf_.

alternately to each of said pair of capacitors to diffé;éntially charge said capacitors

TThis SHEET HAS BEENJ
E REPLACED |
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vi-th the proper DC term nation,..provi-des—a—t-ow-5--- di st-orti-en— -

A information sfgnal



i ne i HlHe supply. The circuit 72 al so produces
t he remnm“mml"mu RCVL, which is fed through a differenti al
si gnal protessor” 160 (Fi gure 8), to convert t he singl e- ended RCVL
signal to comperpeissry differential signals. These signal s mreudeSshap a

10 cl ocked switch network 90 which is griven by the conplenentary clock
si-gnal s CKL and CKL\ to differentlé |y charge the isolation capacitors

of cifcuit 3 T - on_.of .t-hi shnet,wor. re descrlb

i ther of er noa™d SRt seiq JRCRRRNiBhel froht S50 WBiglicB{arer. fhereby common
Wth regard hdeIxﬂ;seesé;%nﬂa&%ywdsﬂh&thﬁﬁaﬂ? and the line switch and 15
detector circuit 43 (of Figure®3) includes a solid state of f-hook |ine
switch 82 conprised of a pair of parallel transistors to open and

cl ose the current path-from-—————the-tetephone-| i-ne-to-the--L+ out put. An
of f-hook switch driver 84 is controlled by an of f-hook cl ock receiver
and charge punp circuit 85, which is connected to the - | ine sides of
of f-hook isolation capaC|tors +a-devi-ce-36 of Fi-gure-2.. A secondary 20
transistor 83 is used in conjunction with the off-hook switch driver 84 to

insure only | eakage current flows until the energy across capacitor -
85A is sufficient to forward bi as the darlington pair of the off-hook
switch driver 84. A bridge rectifier 86, connected between-the TIP .

connection and the-off-hook line-switch, is forned of ~~ - Schottky di odes

or the like, to regulate plus and m nus polarity fromthe TIP signal. 25
Wth regard to Figure 6, when the user device signals the DAA to go off-




bi ased and

hwn_g_th n alowstate taisistor 87 is forward
“Hlmml‘ - Squar e- wave- gener at or 88-oper at es

97/ 15135

PCT/ US97/ 13344

conti nuously torpro uce a s tonstant freduency (e.g., 600 KHz), which
i.s fed-to -divide-by-two counter 89 to ©achieve a SO%QHthyﬁﬁﬂpal'
Activation oWVOSAHS stor 87 pernmits the counter 89 to VO
19
AMENDED CLAIMS 11

‘operat e,
cl ock

‘passi Nretdlitved Byt WAKAE L BilonsD Buiddd) o Q02 Adir{If q998 Y 1@040d6) hook
driver 9lorigiwalctyiins or,ityand 20 Saepbéds rémaenRiggordims OHCAP and

O\ CAP to the

of . zener

peaks above .

PR

user sides of mhmanggthtpmges)]n circuit.38 (Figure 2).
Returning to Figure 1

brldge rectifier
5 . -couphing-capacitot o - H%ﬁéggﬁ? -BEFRYRI éFeaf%ﬂn??ﬁ%¥gth% ‘ﬁ%%%hold
- deviiee 94:0 V\henc¢mmglmagnahs i padért efaphdmdl| iduplexach

.communication .on the line pair while providing an

92| s nnected rin nal

5

10

15

20

25
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_electrical isélatién'”bartier between the  user side and
_ the line side of the isolation circuit, comprising:

a pair of capacitors. connected across said

- electrical isolation barrier, each of said’ capacitors

having like first ends connected to one side of said iso-
ation circuit and like second ends connected to the other
side of said isolation circuit; ahd

means for transmitting an infbrmation signal across
said capacitors from Séid one side to said other side,

~''"ifiiE'é'l"'ii"("l'xL'i."r'ig"""'"l'ii“e“';':i.''r'lé"""f.'éi""""""c"l'if'fe."rerltia__lly charging said like

first ends of said pair of capacitors with said infor-
mation signal, means for receiving“'said differential
charge on said like second ends of said pair of capaci-
tors, and means for converting said differential charge

on said second ends to a restored information signal.

2., The isolation qircuit of claim‘1,-wherein said
means for differentially. chargihg'includes differential

translator circuit means for receiving said information

signal and .generating paired complementary differential

_signals corresponding to said infq;mation signal.

3. The isolation circuit of claim 2, wherein said

--means for differentially charging 1ncludes switched trans-
~mit network ~means for 1ncremeptally and - alternately

switching said paired complementéry differential signals
to said first ends of said pair of capacitors.

AMENDED SHEET (ARTICLE 19)
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approxi mately 30 vol ts the DC | evel across the parallel
resistor- zener H”llﬂ ﬁﬂlvol tage attains a | evel no greater

t han approximately 5 * ¢ \fo #s, santl conprises the RIG signal that is
used to pomerwblgmgml tch| ng netvvork 97 10 and ri.ng oscill @tﬁmsgy‘m,ﬁ;gure
11. Switching network 97 passes the ri R oscillator signal to the line
si-de of the receive isolation capacitors of device 33 (Figure 2). Ri ng
oscillTator 98 (Figure 11) is set to operate at approxi mately 300 KHz, and

f eeds " the differential dr| ver _circuit 99. A lockout circuit 101

prevents the ring si gh4t A me Pﬁflof%t‘f’{ﬁ?sﬁlﬁmﬁ‘élﬁ‘fb pheeratéan upi¥Ral t he
‘DAA i s on-hook. adbess tdre ektirdcab is@]fa‘tﬂmobai:heef NeeticenOt €éléphicna t 101

i's turned on, pﬁ.@)ﬁ@%éﬁg éﬂ@a‘%@e?'@é@i ludin@%‘l‘@% %%et pg.swi tches of

etrtcur t- 97 the User s d¢ eV| ce rential
swi t ched netvvork 102 ‘E‘P?'betﬁténg) a p?"é?:el?/%s SRPRGH 0TS oA FIRES sofaid on
capacitors of dagblatiéh ddrisrsynchronized with ~ them by the clock

si-gnal s descri bed pr ediﬁé?éﬁtilﬂ@¥r&¥ﬂéﬁ% §5983{>a+§ the‘é%ﬁ%%go“s}

di fferenti al analogforman nput si
buf fered si gnal sa8id information signa onl“one tHe IR eFatd siﬁﬂ%ﬁti‘m i s
fed to a converbarrierycand 104 which transforns the d| fferentlal anal og

signal to a s “géﬁn\%ldﬁ%g%ﬁ@aéeté@l%goﬁﬁﬁﬁérgﬁ rg@? bR g%‘ﬁ”'

104 sets the gain, of % ejve Si e va ue o Sl stor

be adjusted®o R8apt°t FWIFELEA 1 APUANTSCe1VEf| pLanals correspondipg &g gnal
out put of the diskidremforattionsshghal ended converter 104 provides input for
two different applications.-One-is the- recei ver- section that-is active

shen - the DARTs off - hoglk Thensl"ghi \GTSAEILS" 0% ihRolEdk 18 2"

signal across an electrical isolation barrier of claim 17,

- 45 "further including the step of converting said information
signal to paired complementary ‘differential signals ts
charge said capacitors.

19. The method for transmitting an information sig- -
20 nal across an electrical isolatién barrier of c¢laim 18,
further including the step of 1ncrementally and rever51bly
charging said palr of capac1tors in reiterative fashion
in synchronism with a constant clo;k signal.

25 20. An  isolation éircuit;ﬁﬁbr connecting a user
' device to a communication 1line péif for full duplex com-
municatLOn on the line pair while providlng an electrical
-1solat10n barrier between the user side and the line

side of the isolation circuit, 1ns1uding.

30 : a pair of capacitors :cdnnected across said
electrical isolation barrier; and
switching means for synchronously 'switching an
information signal alternately tq}each of said pair of
,E?E?QEEQFS“F° differentially chargsfsaid capacitors

hls Sheet Has Been Replaced
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filter circuit 106. The filter corner frequency is approximately 15 KHz to
[ -8BV -Em———t-fre—SH-t-eh—10t-Se- and hirgh~TTequency” RF noi se on the tel ephone
line. The op anp of ' WO 97/ 134
PCT/ US95/ 13344
filter ci rcqugl,ggngr ovi des a buffered output si RCV atpciriusosmsadd
interface poin connection. The RCV signal conprises the anal og
received signal for all user devi ces connected tolthe
interface. The output of buffer circuit 104 is.-also fed

through switch 107 to a ring indicator ci rcuit 108. The received anal og
signal is S representati ve inging.signal. If the DAAis

on- hook and the OFFHK\ signal 7S gbsent op anp 109 wll turn
on _switch 107 and feed the receiv S dhal to aring
indicator circuit 108. The signa ) i ™ €9 by diode 110 and used to -
char ge capaci tor X ci tjor charge is conmpared by op

12
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reference, and a ring signal output RI\ is generated when the charge

exceeds the 10 "reference. The output RI/.:is provided to an out put
‘connection point of the user i nterface. - One
circuit necessary for the-functioning of various portions of the user side
of the DAA iwom7nsl3erence voltage generator 113, depicted POT/BS¥IBM413. The -

ci-rcuit 113 operates on the standard VCC provi ded on the user
si de, “and generates a 2.5 15 VDC stabl e output for the op anps on
the user. side. Returning’ Fi e 6, the 300 KHz square wave

ed to a differential clock driver
circuit 116, which ‘gnal s CK\ CAP and CKCAP used to transfer
energy across the ‘ors. The output of counter 89 is also
fed to a -t d!delay circuit - 117—whi-ch—s—-desi-gned-t-o-mat-ech—
t he del ays of 2T u2._ -cnlaf-mmf ' el enents of
circuits 31, 33 38 ,,‘Iﬁ\ef;;p _ase delay circuit . » 1 17

i ---;, ok §ignal  for-the.-twe -phs

out put of the counter

89 i

118, plies the clock signal]pair CK and CK\ to
all the user sifde cguphi ng ' devi ces. I Anot her
circuit necessary for ortlons of the line side pf the DAA is

25 t he: cl oc

Figsre 10. . O ock signal s transmtted
t hr ough theg Kgu'cwt 36 are recei vedb~y- a buffer
circuit 121, sed §y"=’a qquarijng circuit-122. The out put
of-circuit 1-32- is the- qcsogk...m gnal §f CKL\ and CKL
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which are used to drive the switching _networks of Figure 7 on the tel ephone
|1 ne " WD 97/ 15135

PCT/ US95/ 13344 .- o 13

side. Thus the clock signals originating on the user side are transmtted
~across the wo97isidsterface to synchroni ze the signal deco®ChsSeyidp4e |ine
si de. ' The circuits described herein may be fornmed of devices
that are discrete conponents, or may be part of an integrated
circuit formed using conventional, ASIC techniques. The

f oregoi ng description of the preffer@ed enbodi nent of the invention has

been presented for purposes of H &Y¥ration and description. It is not

i ntended to be exhaust.i v im}i the invention to the precise
form di scl osed, and e = -éﬁpﬁ%mand~var%a%+eﬁsma%e~possibIe
in light of the above 10 deviating fromthe spirit and

A

t he scope of the ingention.
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is selected to best explain the principles of the invention and its

practical application to thereby enable ot hers skilled in the art to
best utilize the invention in various . enbodi nents and with various
nodi fications as suited to the particul ar purpose contenpl ated. It
is intended twa®s185 scope of the invention be defined by tPrermsssiismas 15
appended hereto. . -14 -

d ai ns" spl ation CI-FCUI t for cognecting a user

device to al-cnmunl cati on pair r full duplQ(
conmuni cation>< the 1lin |r V\,hllegprow di ng an>

.;f]r'_ TRC
 CK\ '

USER SIDE




.5 _electrical isolation barrier between the user side and the |ine

side of the isolation circuit, conprising: a pair of
capacitors connected across said electrical isolation barrier,
each of said capacitors " having like first ends connected to one side
‘of said iso- WOOPTa%B%n circuit and |ike second ends connect BETAESIRB4 ot her
side of said isolation circuit; and means for transmtting an

i nformation signal across said capacitors fromsaid one side to said
- ot her si dé, including means for differentially charging said like 15
first ends of said pair of capacitoas with said |nfor- o mation

signal, neans for recel Vi ng, salﬁ di ffgrentlal < cﬁarge on said

li ke second ends ofxsai dair of cagaci- U tordd and rgans for

converting -said- dererenﬂfal

-char geM -
i nformation 5|gqal 3

jn sai d ggcond ds to a restored
®. i sol ati ncirc |t of claim1,

wherein said Tl Ty Jeigr gien ifferential
transtator circdit ( iqfofna i on signal and
generating pairdd A 25 13 orbesponding to
sai d |nfornat|oq Si Ilspla i ciyryujt of claim 2,
mhereln said i |
_ lgl l (=]
l by |
| jow
| | n
! 1=
I |
! J '
_ - \DI
L
! =
.2
/r——" =

USER SIDE
Figure_13
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means for differentially charging includes switched trans- m t
network neans for increnentally and alternately 30 swtching sard

paired conpl ementary dlfferentlal si gnal s to said first ends of said.
pai r of capacitors. WO 97/15135

PCT/ US95/ 1334W097/15135 : PQBUSIS/13344

4. The_lsolatlon circuit of cIa|n13 further |nclud|ng first clock signal
nmeans for generating a clock signal to drive said switched transmt
network meéans to opejate reiteratively and cyclically. 5

5. The isolation circuit § claima4, wherein said means for receiving said
differential charge inclubes sw tched receive network neans for

|ncrenentally and
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calternately switching charge |levels fromsaid second ends of said

capacitors to form pai red conpl enentary received differential -

si gnal s. 10 6. The.i.solation circuit of claimlJ5, wherein said
means for receiving said differential charge includes differential
decoder circuMO%is8¥8 for receiving said pai red conpl BERHEM1J344
received differential signals and generating a correspondi ng

recei ved i nformation signal. 15 7. The isolation circuit of
claim5, further ifclyding second clock signal means for generating
a clock signal to ¢rige sais switched receive network means to

operate reiterativiely ?cl@all —————— —8.—The isol ation

circuit of claim7 syinchroni zi ng sai d

fur her y Iudldg means for 20

i ncl udes neans for
_barried to i nk sai d

o o\
v

-t g
z 3
- R=)
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25 10. The isolation circuit of claim9, wherein said neans

for- transmtting "~ clock signals includes a second pair of capacitors
connected across said elerical .isolation barrier, each of said second
capacitors having like first ends connected to WO 97/ 15135
PCT/ US95/ 133N0 97/15135 e 16 PCT/USYS/E3#1 one
side of said isolation circuit and |i ke second Ads connected to the other
side of said isolation circuit. 11. The isolation circuit of

claim 10, further including phage shifting neans 5 connected between
said first and second &ock siglal neans to conpensate for
signal neans to conpenggte for >

4 o=

’

Figure_10 "
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phase shift caused by said second pair_of capacitors. 12. The

isolation circuit of claim6, further i ncl udi ng vol tage recovery
means for receivi-ng current provided by said |ine pair and generating an
_operating 10 vol tage for driving circuitry on said line side of said

| sol ati on bar WMO#A7/15135 13. The isolation circuit @®CTRISPE/1384412,
whérein said voltage recovery-neans i ncl udes circuit means connected
to said current provided by said line pair and havi ng hi gh AC
i npedance ‘and adj ustabl e DC resi stance. 15 : 14. The isol ation
circuit of claim12, further including stable voltage ref erence neans
for receiving said operating vol t age d generating a highly stable
vol t age reference for circuitgy on saisd |ine side of sa i sol ation
barr.ier: 20 _ 15. TH@ i sol-at-in—ei-reyi-t—of—ehafm- Lo oo
furrtherllncludlng anot her paig of ? capacgnt ors connétted across said

q

electrical isolation barrier, jand neang

 for /o | »
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~transmtting an off-hook signal fromsaid user side to said |ine side of

said isol ation 25 16. The isolation circuit of claiml15,

fut her including neans for transnmtting a ringing signal across said
pair of capacitors fromsaid line ~ side to said user S|de of said

i sol ation baMQ ¥f15135 e USI3N3344 -

-

oed
S £
3 =
;Ea : Q
=)
o] e =)
< - ™
P
-
.
e
)
b d
©
O
: @
S 5
A=y
ke
w
@
b
-
K=Y
[

10/10



o= 17 ' 17. A nethod for transmtting an |nfoiﬁst|on 5|§nal

across an tion barrier between a-tele
ahd a. usei gmm&m‘l M;ﬂﬂmng the steps of: :

" capaci tor sel G | g0l ation 5 barrier;
‘charging said pair of capacitors with naid I nf or
side of said isolation barrier-14- detectir
charge on said pair of 10 capacitors on the other si dq
barrier; and converting the detected dif
sai d " pair of capacitors intoChatimsgei ved signal cd
said information sirnal. 1S 18. The met hod f g
i nfont | on signal across, an electrical _isolation pe ,
further incl ullrng.fRe $TOlHoORofiMYEy 250 PRPBRE Bﬁ a usgr gnal to
pai red cdeplieeentaryadi ¢dmmentcation gridine t pal® foharfulkaidhpdapaci t or

communication on the 1line pair while providing an

5 electrical isolation barrier between the user side and
the line‘side of the isolation cifcuif;'comprising:

a. pair of capacitors connected across said
electrical isolation barrier, each of said capacitors
having like first ends connected to qne side of said iso-

\5210 ation circuit and like second ends cchnected to the other
side of said isolation circuit; and

means for transmitting an information signal across
said capacitors from said one side to saild other side,

-inciuding means for dJdifferentially  charging said like
15 first ends of said pair of capacitq?s with said infor-
' mation signal, means for receiviné} said differential
charge on said like second ends of s;id palr of capaci-
tors, and means for converting saidgdifferential charge

on said second ends to a restored information signal.
20 - 'i
2. The. isolation circuit of ci?lm 1, wherein said
means for differentially charging includes differential
o translator circuit means for receiving salid information
””ntary differential

25 signals corresponding to said information signal.

signal and generating paired comple

3. The isolation circuit of cif}ﬁ 2, wherein said
means for differentially charging inclﬂags switched trans-

mit network means for incremental] and alternately

30 switching said paired complementary ;_fferential signals

to sald first ends of said pair of capacitors.
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19: The nethod for transn1tt|ng an i
el-ectrical i solation barrier of clat
of increnentally and revuraibly 25
rei t BaP8-339% al%iedn FROM HARRSSY Beeiarers

20. An isolation circuit for connecti : A ' ﬁﬁa&h@”@ 23
communi cation line pair for “full dupl g ' o ‘ 956][]63544
anet coot  TIRHHE RN 50 omer oo e o REAVUSS DB I 1997

Brpnal across an
 ncl udi ng the step
of capacitors in

ot. capacitors ‘cofinelt el across said el ectrical I sclation barrier and
35 swit chi ng neans for synchronougly sw tching an I nformati on
signal alternately to each of said pair oft7- capaC|tors to

differentially charge said capacitors
17. ‘A methed for transmitting an infarmation signal

across an electrical isolation barrier between a telephone
lina pair and a user Gevice, including the stepa of:
cunnectiﬂg a palr of capacituzs acrogs said isoclation
5 baxriar!
differentially charging said palr of capacitors with
Baid information signal on one side of said 1solahian
barriar;
. detecting the differential charge an said pair of
NS 10 capacitors on the other side of said isolation barrier;
and o
convert;nq the detected differential charge on =aid
pair of capacitors into a raceived zignal corresponding tn
' satd informaticn gignal.
15
- " 18. The method for transmitting an information
signal acrosg ‘an electrical isolation barrier of claim 17,
further including the step of asonverting said information
signal to pairsd complementary differential signals to
20 oharge naid capacitors.

19. Thé méthod for transm;tting an iufqrmatian
further iqc;uging the step of incrementally and :avaraibly
oo 25 chazging sa;d'pair of capacitors in reiterative fashiom in
s , synchroniam with a nonatant clock signal.

~ 20. ‘An isolation circuit for connecting a user
flevice to a- -conmunication line pair for full duplex

30 ccumunication on the line pair while providing an
e‘ectricalﬂ'solation barrier between the user side and the
line side of the isolation ecircuit, including:

a pair of capacitors connected across said electrical

iselaticn

as auitch;gg means for synchronously switching an
1ntornatiéﬁdiigna1 altarnately to each of said pair of
capacitors to differentially cbarge said capacitore
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P_C_T/ USO57 133244 18 and trjﬁggt said
.. ithf-ormation signal across said isolation barrier, whereby co node
"noise is-elimnated by said sw tching neans.
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An isolation circuit for use as a telephone line interface mcludes at Icast ‘one pair of capacitors (54, 56) that differentially couple
analog transmit TX) and. receive (RX) chantiels in full duplex communication'across an isolation bamier. The capacitors {54, 56) are
coninected across the isolation barricr, and each'transmit or receive signal is processed to generate respective paired complementary signals.
In-another aspect, thie invention can be configured .to use two pairs of capacitors (31, 33) that differentially couple analog transmit {TX)

. and recejve (RX) channcls in a user device (21) across an isolation barrier to a line pair (23) for full duplex communication on the line
~, : pair (23). .




