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TELEPHONE ISOLATION DEVICE

ound of Ve_:tio_. . . -

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

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
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 transformers between the end user

. equipment and the network. There has been some tr_ecemt recognition that certain

paths can be isolated usmg other techniques. For example, U.S. Patent No.
4,864,605 to Ramsey et al shows the use of a coupﬁng-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 al discloses an electro-thermal

isolator coupler in conjuncnon with an RF capacm ve couphng mechanism. This

~—system claims to provide 2 DAA device, but requxres a substrate having a subscnber

~ portion and a line portion electrically isolated fromfach other.

Moreover, U.S. Patent No. 5,245,654 to Wilkison et al discloses an aptical

isolation coupler circuit characterized by wide band width, low noise, and high
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linearity. This circuit has proven expensive due _té the tightly coupled optical
" devices required to provide the necessary feedba¢k for linearity..

The present invention eliminates the requiréme_nt,__ for thermal, resistive, and
optical isolation. The thermal anq opti_é_al isolatioﬂ f_equirements are complex and
expensive to produce. The use of an ir_'xtegtated c_iféuit to thermally transfer low
fréquency signals can be supplanted by other means that are more cost effective to
produce. The capacitive approaéh lends itself to a more integrated design using less

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

" coupling transformer, optical isolator elements, and h:gh value res1stors, and yet is

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

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_xc{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

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 invention 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

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 jgm T

connected between the receive channel and the hybnd _
~ More specifically, a t.ransml't-capacitor isolation circuit has an input located

on the user device side of the isolation barrier and an output on 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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Figure 1 is a functional block diagram of a

. interconnection of the present invention between a.user device and a telephone

network. | e

Figure 2 is a functional block diagram 6f. an embodiment of the telephone

interface of the invention featuring independehf transmit and receive circuits.

Figure 3 is a functional block diagram of another embodiment of the

telephone interface of the invention feaﬁxﬁng a combined full duplex transmit and

Figure4isa d_et_aile_'_d schematic diagram of the transmit circuit on the user

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_lephbne.f__interface of the invention.

Figure6isa detaﬂed schematic diagrar of :ﬁig'.,gwitching_ clock generator,

- phase control, and off-hook control circuits on the user side of the telephone

interface.

Figure 7 is a-detailed schematic diagram ofthe transmit circuit on the line
interface of the telephone interface of the in\ientioﬁ. f_

eftt%lephone interface showingthe =

Figure 8 i5a detailed schematic diagran of the receive vircuit or the fine

interface of the telephone interface of the inventib@i.'
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Figure 9 is a‘flctéiléd schematic diagram ofthe line interface and voltage
generator circuits on the'_line'side of the interface__'bf the invention.

Figure 10 s a detailed schematic dlagram of the swntchmg clock circuit on

-5 theline s:de of the 1nterface of the mventxon

Figure 11is a detaxlcd schematic dxagram of the nng mterface circuit on the

line side of the mterface of the mventmn

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 capaciior 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 deplcted in Figure 15.
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The present invention provides a.tel_e_phong isolation circuit 22, shown in
Figure 1, that is used to connect a usef devicg 21 .:_t-'o a telephone line circuit 23,
syinbolized as a RJ-11 connector. The tele_phbnd isolation circuit 22 ié 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.

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 device 27 which delivers

5

communication signals to the user deVice, aring d‘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 liné 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 clock _capécitivc isolation device 36 connects the oscillator and

clb&ﬂé 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 operations, -;whde providing high level

electrical isolation between the user device and Iéiépl?one line. -
The transmit line c§u_pl_in_g device 32 and the receive line coupling device 34

are connected to a hybrid éirc'uit 41, which in '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
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and detector circuit 43. A ring indicator oscillator and driver 44 is connected

between the receive capacitive isola_tip'n‘ device 33 and the line switch and detector

_circuit 43. Generally speaking, the devices and cir§uits 32,34, 37,39, and 4144 -
are considered to be on the telephone line side of the DAA 22.

The circuit configuration may 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
drivéf device are connected through the same clock capacitive isolation device 36/,
and the transmit and receive functions are conducted. through a single capacitive |
isolation device 31' using a time division mulnplexmg technique. This .

sunphﬁcatxon permits the ehmmanon of components 30, 33, 38, and 39, with the

o accompanymg savings in parts and labor cost.

With regard to Figure 4, the transmit coupli;_lg'device 26 includes an input
buffer circuit 51. The TXA+ and TXA- signals éré_‘rec‘eivéd'differentially by the
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 l:__l'erein.) ‘The differential signal

from driver 52 is fed to a transmit switch network 53, which charges the capacitors

54 and 56 of the transmit capacitive isolation device:31, as explained below. On the

line side of the isolation interface, the transmit li'n;e;éoupling device 32 includes a

... transmitter signél 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.

The two networks 53 and 57 operate cboperatively téf switch an information signal

— across the-interface barrier in a relteratwe process The followmg explananon

described herein for transmlttmg s1gnals across the 1solauon barrier.
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With regard to Figure 14, the two differéntial switching networks can assume -
two different configurations, dependmg upon whether the clock signal is high or
low. When the clock signal is high, as shown i in Flgure 14a, the positive differential
signal V+ is conducted to capacitor Ca; chargmg Ca and causmg the s1gnal to be
conducted directly to op amp A, resulting in mgnal Va. Likewise, dlfferemml signal
V- passes through capacitor Cb to op amp.B, resultmg in signal ¥b. When the
clock signal shifts low, the quad switches ﬂ1p on 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 sxgnal from Cb goes to op amp A and the
signal from capacitor CA goes to op amp B. Thus, although the charges 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.

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 equlvalent circuit for common mode noise, Vn, is depicted in Flgure 15,
Assuming that the capacnor ratio Ca,Cb is less than the resistance ratio of the
voltage divider, then in the high clock state, Va = +,1 /2 Vnand Vb=-1/2 Vn, and- in
the low clock state Va=-1/2 Vn and Vb= -fll_é Vn Givena Vnsignal input as

depicted in Figure 16a, the corresponding signali- bil;put is depicted in Figure 16b. — = -

- The common mode noise has been shifted from the voice band into the clock

frequency by the signal transmission téchnique_agldﬁeliminated by a low pass filter

“having an upper comer cutoff of 10 KHZ to 15 Khz

Returmng to Figure 7, the two op amps 58 and 59 serveasa buffer 61 to-

- recover the differential signals and restore them to aproper level. The buffered a

differential signals are fed to an op amp- convene; __qxrcmt 62 that restores the
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differential signals to a single-ended signal. The value of resistors 63 and 63A tﬁay
be selectively varied to alter the gain of_ the transmit path, in accordance with the |

_ requirements of various modem int‘ég'rated circuits. The single-ended signalisfed .

through an anti-alias low pass filter 64 which has an upper comer frequency of

15KHz to remove the residual effects and noise generated by the sw1tchmg network"' _:’:' e

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
distortion transmitter signal current driver 71, Whjeh 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

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, giving presence to the

connection. For modem applieations and the like, circuit 72 provides almost

complete elimination of the outgoing sigrial tb' th_é iiser device. The degreé 6f sifdé' _ )

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

74 generates a voltage proportional to the current flowing in the line, and capacitor

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

(common), and the output V[, to power stiper stablé voltage teferenice 81. Resistor "

regulator producing a voltage V1(+3V), whieh-ﬂéo-providés«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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EIA/TIA and Bell specifications. Circuit 75 produces a steady -3VDC from the V1
input to power many of the op amp circuits on the line side described herein. This

unique control circuitry provides AC termlnati

side apparatus without mterfermg w1th the: proper DC termination, provrdes alow .

distortion transmit signal generatxon mechamsm, and converts-the current from the |

- line into a dual voltage supply. .

The circuit 72 also produces the recewe lr i e"-.srgnal RCVL, which is fed
through a differential signal processor 100 (Flgure 8), to convert the single-ended

RCVL signal to complementary dxfferentxal sign s. These signals are fed to a-

clocked switch network 90 which is dnven by th complementary clock s1gnals

CKL and CKL\to drfferentlally charge the lsola_: _n_ capacitors of c1rcu1t 33.The

operation of this network aré descnbed with’ refegenee to Figure 14 in the preceding =~

description.
With regard to Figure 12, the line 1nterface 42 and the line switch and
detector circuit 43 (of Figure 3) 1ncludes a sohd state off-hook lme switch 82

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

the telephone line to the L+ output. An off-hoo; w1tch dnver 84 is controlled by

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

36 of Figure 2. A secondary

Iine sides of off-hook 1_solatxon capacitors in devi

transistor 83 is usedmin'eonj'_imction wrth __the off: swrtch dnver 84 to insure only
or 85A is sufﬁc_xent_ to forward
bias the darlington pair of the off-hook switch driver 84, A bridge rectifier 86,

connected between: tlre TIP connection@-and- the- ‘(_’:_f_f‘,—;hook-line"switch, is‘formed of

Schottky diodes or the like, to regulate plus and, nus polaﬁty from the TIP signal.

With regard to Figure 6, when the user device:signals the DAA 10 go off-

hook by placing the OFFHK\ line in a low sta

allow drawing current for the lme__ o

sistor 87 is forward biasedand ... .. ... :

constant frequency (e.g., 600 KHz), whxch is feE dxvxde-by-two counter 89 to

achieve a 50% duty signal. Activation of transistor §7 permits the counter 89 to

s-continuousty to- produce a j
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operate, passing the square wave (at 300 KHz) to a differential off-hobk‘ clock
driver 91. The clock driver 91 supplies the s1gna1s OHCAP and OH\CAP to the

user s1des of the capacitors in circuit 38 (Figure 2).

Returning to Figure 12, bridge rectifier 92 is conn‘ected to ring signal AC
coupling capacitor 93 to devéldﬁ-h—fl)"éliéﬁéféfééiefthém the threshold of ;ene‘r
diode 94. When ring signals from the ;ele,p_lioﬂe line reach peaks above
approximately 30 volts peak they raise the DC level across the parallel resistor-

- zener network 96, This voltage attains a level no gréater than approxilmaitﬂély- 5.1

volts, and compnses the RIG signal that is used to power the switching network 97
and nng oscillator of F1gure 11. Swnchmg 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) i is set to operate at approxlmately 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
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

dlfferenual 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 resistor 105 can be adjusted to adapt to different modem

chips. _ |
The signal output of the differential to single ended converter 104 provides

_..input for two different. applications.One. is the réceiver section that is-active when--- - - -

—the DAA is off-hook-~The signak fromr converter 104 s fed toam 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
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filter circuit 106 provxdes a buffered output slgnal RCV at the user interface point

connection. The RCV 81gnal comprises the analog. recexved signal for all user

devxces connected to the mterface The - qutput of buffer c1rcu1t 104 is also fed

through swnch 107 to arting 1nd1cator circuit 108.  The received analog signatl is

__Tepresentative _oi_’,_.the.___qgg;q__g_ signal. If the DAA is on-hook and the OFFHK\ signal

is absent, op amp109w111 tum on switch 107 anc_i_,'feed the received analog signal to

a ring indicator c1rcu1t108 The signal is rectified by diode 110 and used to charge

. capacitor 111." The capacxtor cha‘rge is compared';6§ op amp 112 to a fixed voltage

reference, and a ring-signal:output RI\ is generateﬁ_When the charge exceeds the
reference. The outpit RI\!S provided to an output connection point of the user
interface. ' R |

"""j'O'Iie"'ci‘rcuit"‘néeeiS'sgry for the functioning of various portions of the user side_

- ofthe DAAisa refex*e’iiee  voltage generator 113, depicted in Figure 13. The circuit

113 operates on the standa.rd VCC provided on the user side, and generates a 2.5
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 capac1tors The output of counter 89 is also fed to a

' -whlch is designed to match the delays of the external

' 1solanon capacnor elements of cxrcmts 31, 33, 36, and 38. The phase delay circuit

117 generates a corre T "'"'_,ed clock signal for tq_e two phase clock circuit 118,

ock signal pair CK andCK\ 1o all the user side coupling

ircui necessary for various pomons of the line side of the DAA is

the clock system depieﬁteel' in Figure 10. Clock sighels transmitted through the

, :,lt_121 and processed by a

squarmg 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
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side. Thus the clock signals originating on the user side are transmitted across the

interface to synchronize the signal decoding on the line side.

__The circuits described herein m"ay be formed of devices that are discrete

10

15

components, or may be part of an integrated circuit formed using conventional

- -ASIC techniques. - -

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 possible in light of the above teaching without
deviating from the spirit and the scope of the invention. The embodiment described

is selected 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

appended hereto.
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Claims

1. Inan xsolauon c1rcu1t for connecung a user device to a communication

 line pair for full duplex commumcauon on the lme pair while providing an electncal

isolation barrier between the user side and the h-x_;__pmde of the isolation clrcuxt,

comprising;

a first pair of capacitors connected across'said electrical isolation barrier,

each of said capacitors having like first ends conﬁected to said one side of said

. isolation circuit and like second ends connected to the other side of said isolation .

circuit;

means for transmitting an information signal across said capacitors from said

- one side to said other side, including means for di_fferentially charging said like first =~

ends of said pair of capacitors with said informat_ion signal, means for receiving said
differential charge on said like second ends of saigl_pair of capacitors, and means for
converting said differential charge on said second end 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 ... . . . .

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

alternately switching said paired compleméntary :tfferential signals to said first
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4. The isolation circuit of claim 3, further inéluding first clock signal means
for generating a clock signal to drive said switched transnut network means to
operate reiteratively and cyclically.

5. 'The isolation circuit of claim 4, wherein said means for 'rec¢ivin§ said
differential charge includes switched receive network means for incrementally and
alternately switching charge levels from said se_con'_d ends of said capacitors to form

pairéd complementary received differential signals.

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.

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 ' _

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 to link

said first and second clock signal means.

10. The isolation circuit of ¢laim 9, wherein said nieans‘--fbf— 't-ransmit;ing- e e e e e

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

isolation barrier, each of said second capacitors having like first ends connected to
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said one side of said isé’igtion circuit and like second é‘ﬁ‘ﬂs‘connected to the other

side of said isolation bitcnit_.

11. - The isolation cxrcmt of claim 10, further including phase shxftmg means
connected between said first and second clock s:gnal means to compensate for ..

phase shift caused by said second pair of c_apac;;ggs.

12. The 1solat10n circuit of claim 6, further mcludmg voltage recovery
means for receiving current provided by said lme paxr and generating an operating

voltage for driving circuitry on said line side of said isolation barrier.

13. The isolation circuit of claim12; whg_f_‘gin said voltage recovery means .~

includes circuit means connected to said current égpvided by said line pair and

having high AC impedance and adjustable DC resistance.

14. The isolation c1rcu1t of claim 12, further mcludmg stable voltage
reference means for receiving said operating voltage and generating a highly stable

voltage reference for c1rcu1try on said line side of sa:d isolation barrier.

-

15. The isolation circuit of claim 1, furthe: ncludmg another palr of

capacitors connected across said electrical isolati _.bamcr and means for

transmitting an off-hook 51gnal from sa1d user s1d to sa1d line s1dc of sald 1solatxon _ :

barrier.

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

transmitting a ringing signal qq:o§§__§§g‘g§9§h§gﬂ: r oi_' ggg_acitors from said line

side to said user side of said isolation.barriex:.......
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17. A method for tran‘sﬁiitting an information signal across an el_eétrical
isolation barrier between a telé;‘)honé line pair and 3 user device, including the steps

of;

connecting a pair of capacitors across said 1solat10n bamer
5 - differentially charging said pair of capacxtors with saxd—mformauon lsxgnal 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 connected-across-said- EIéémeﬂ-isolaﬁoﬁ--bMer;-~-------~------—---——--- e e

~ switching means for synchronously sw;tchr i

alternately to each of said pair of capacitors to dlfferentJally charge said capamtors
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and transmit said information signal across said isolation barrier, whereby common

mode noise is eliminated by said switching means.




