PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 3 : (11) International Publication Number: WO 95/03654
Al '

H04J 3/26 (43) International Publication Date: 2 February 1995 (02.02.95)

(21) International Application Number: PCT/US94/06874 | (81) Designated States: AM, AT, AIIJB, BB, BG, BR, BY, CA, CH,

(22) International Filing Date: 21 June 1994 (21.06.94)

CN, CZ, DE, DK, ES, FL, GB, GE, HU, JP, KE, KG, KP,

KR, KZ, 1K, LU, LV, MD, MG, MN, MW, NL, NO, NZ,
PL, PT, RO, RU, SD, SE, SI, S
European patent (AT, BE, CH, D
IE, IT, LU, MC, NL, PT, SE), OAPI

(30) Priority Data:
CG, CIL CM, GA, GN, ML, MR, NE, SN, TD, TG).

08/094,765 20 July 1993 (20.07.93) Us

Published
With international search report.

(71) Applicant: ECHELON CORPORATION [US/US]; 4015 Mi-
randa Avenue, Palo Alto, CA 94304 (US).

(72) Inventors: SMALL, Kenneth, T.; 17595 Montebello Road, Cu-
pertino, CA 95014 (US). HEY, G., Michael; 2727 Midtown
Court #24, Palo Alto, CA 94303 (US). BAUMANN, Don-
ald, D.; 2422 Camrose Avenue, San Jose, CA 95130 (US).

(74) Agents: TAYLOR, Edwin, H. et al.; Blakely, Sokoloff, Taylor
& Zafman, 12400 Wilshire Boulevard, 7th Floor, Los
Angeles, CA 90026 (US).

(54) Title: SOURCE POWER COUPLER

' .‘/_![i).c ! I ovEg(P:GEgENT i 208 I (22
s | DETECTOR 210 ‘.z ToUT+oun
FROM  |{r=—rv 2 UPPER UNi
POWER | 209  |CURRENT GYRATOR |
SOURCE LM} UPPER] s1op signaL |
i ™ Stoe svop | [ umm
} TIMER . - 1
J !
I = 21 Lo L
{1 e oS o
M 1 acme | 8US 23 214 215 M
i £ suppLy S . | SENSE :
! —= z o wrmamon |2 1 oy |
| . VOLTAGE AC IMPEDANG . 42.4v
i 212 PROTECTION ( E) F umTeR 1
| = vl
| UNDERVOLTAGE | stop signat < umr 59‘55:
| WITH ¢ ° 206 |SIGNAL
=1 HYSTERESIS 204 205 / |
! - Z Z LOWER |
i Lower| |Lower GYRATOR |
8= DELAY| _|'STOP }S.5. —3Tstop | [sToP "
RETURN)! CURRENT | TIMER TIMER !
201 LIMIT oI
gou 1 [ SIGNAL um | o
source ! Towen T o
- ! OVERCURRENT UNE | §
7OoT =7 DETECTOR | =~—1 -1 l-toun
ar FOLDBACK i
! INPUT v !
j SENSE r

(sh Abstract

A transistorized source power coupler (200) for coupling a power source to a pair of transmission lines (202), (203). DC power
source is conducted by the transistorized source power coupler (200) to the transmission lines (202), (203). Meanwhile, AC signals on
the transmission lines (202) are isolated from the power source by the source power coupler. Consequently, the same pair of transmission
lines (202), (203) can be used to supply power to cells (106), (107), (108) of a communications system while also conducting data signals
between those cells (106), (107), (108) with minimal effect to the power source.
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SOURCE POWER COUPLER

FIELD OF THE INVENTI

The present invention pertains to the field of interface
devices which are implemented between power sources and
communication lines. More specifically, the present invention
is related to an‘apparatus and method of providing isolation at
relatively high frequencies while passing direct current power

to cells along the communication lines.

BACKGROUND OF THE INVENTION

There are a number of commercially available products
which provide sensing, control, and communications in a
network environment. These products range from elaborate
systems having a large amount of intelligence to simple
systems having little intelligence. By way of example, such a
system may provide control between a light switch and a
light. When the light switch is operated, a digital code pattern
is transmitted by one cell and is received by another cell
located near the light. When the code is received, it is
interpretéd and subsequently used to control the light. Such a
system, comprising a network of intelligent cells in which the
cells communicate, control and sense information, is described
in US. patent entitled, "Network and Intelligent Cell for

Providing Sensing, Bidirectional Communications and Control",
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Patent No.. 4,969,147, issued November 6, 1990, which
application is assigned to the assignee of the present
invention.

The transmitting and receiving of digital data can be
performed by a series of transceivers, each of which is
connected to an individual cell of a network. These
transceivers may communicate with one another in numerous
different ways over various media and at many different
baud rates. For example, the transceivers could be connected
to standard communications lines, such as twisted pair lines,
fiber optic cables, and coaxial cables. Indeed, even power
lines have been employed as a transmission medium by
implementing spread spectrum techniques.

In order to minimize costs, the same transmission lines
coupling the Yarious cells can be used to provide a medium for
the transmission of data between the cells as well as for
supplying power to the cells. In this scheme, duplicate
communications lines and power lines are not required.
Instead, a single set of transmission lines perform the dual
functions of conveying power and data amongst the cells. This
optimization can be realized by interposing a source power
coupler between the power source and the cells. The source
power coupler provides isolation for the relatively high data
frequencies while also passing direct current (DC) on

transmission lines for powering the cells. In the prior art,
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source power couplers were typically comprised of a pair of
inductors.

Figure 1 shows a typical prior art source power coupler
101. the source power coupler 101 is comprised of two
inductors 102 and 103, which provide the necessary
impedance to isolate the power source from the transmission
line at data frequencies. Otherwise, the data signals generated
by the cells 106-108 will fail to create an adequate voltage
across the transmission lines 104 and 105. Data signal levels
and transmission reflections can be controlled by means of a
parallel, AC coupled termination or damping impedance.

There are numerous problems associated with these
prior art source power couplers. Several of the problems are
attributable to the flaws inherent to inductors. First, inductors
alone do ndt provide a controllable DC impedance. For certain
power supplies (e.g., switching-power supplies), it is desirable
to have a controllable DC impedance during power-up of the
communications network. This is because the negative
resistance resulting from constant cell power and/or the total
effe_ctive capacitance that must be charged at system power-
up might result in the activation of the source power supply's
internal protection circuitry. In turn, this might result in a
continuous retry to start, a hang-up on the "foldback" curve,

or a failure of the source power supply.
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Second, inductors alone cannot provide a voltage drop,
as might be required, to drop from a common source voltage
(e.g., +48 volts) to below a safety limit (e.g., +42.4 volts).
Third, dangerous and damaging overvoltage transients are
sometimes created during accidental or momentary
disruptions in the transmission line circuit. Consequently,
additional safeguarding measures are often required. And
fourth, short circuits across the transmission lines and from a
transmission line to ground, necessitates other safeguarding
measures. Simple inductors cannot limit these overcurrent
conditions.

Another problem with typical prior art source power
couplers is that safety agencies, such as Underwriters
Laboratories (UL), may require "single fault tolerance" for
protection against overvoltage output situations. Furthermore,
as the data rates drop and as DC line currents increase, larger
and more expensive coupling devices are required.

Therefore, there is a need in the prior art for a protected
source power coupler which provides a constant staft-up
current at the rated capacity of the system or power source
and whose output voltage is limited to fall within safety
guidelines. It would be preferable if such a coupler had a
delay to allow time for the source power supply to reach full

output voltage during system power-up. It would also be
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preferable if the coupler could preclude power source retry,

hang-up, or other failures.
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SUMMARY OF THE INVENTION

The present invention pertains to a solid state source
power coupler. In the present invention, source power
couplers are used in place of inductors. Similar to inductors,
the source power couplers' alternating current (AC) impedance
increases with frequency.

Furthermore, one or more of the following protection
circuits are provided. These protection circuits include a duty
cycle dissipation and foldback current limiter for protecting
the source power coupler. Also included is a burp current
limiter in the source power coupler impedance to protect
against damage in case of a short in one of the transmission
lines to ground. A reverse voltage circuit is used to protect
against accidental line reversal connections. A circuit for
controlling the voltage drop is implemented to limit the
maximum output voltage to a safe range.

In one embodiment, a constant start-up current at the
rated capacity of the system or the power source is provided.
Moreover, a delay circuit allows time for the source power
supply to reach full output voltage during system power-up.
An undervoltage lockout circuit is implemented to preclude
power source hang-up by reactivating the power start-up
sequence if the input voltage falls below approximately two-
thirds of the nominal input voltage. Furthermore, a means for

synchronizing the start sequence of multiple source power
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example,

and not by way of limitation, in the figures of the
accompanying drawings and in which like reference numerals

refer to similar elements and in which:

Figure 1 is a block diagram showing a typical prior art
source power coupler for applying DC power to transmission

lines.

Figure 2 is a block diagram showing the currently
preferred embodiment of the source power coupler of the

present invention.

Figure 3 is a detailed circuit diagram of the currently
preferred embodiment of the source power coupler of the

present invention.

Figure 4 is a detailed circuit diagram of the lower source
power isolator and the relevant components for establishing

the DC operating point.

Figure 5 is a detailed circuit diagram of the lower source
power isolator and the relevant components for establishing

the AC operating point.



WO 95/03654 PCT/US94/06874

Figure 6 is a plot showing the impedance of the lower

and upper source power coupler as a function of frequency.
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DETAILED DESCRIPTION

A solid state source power coupler is described. In the
following description, for purposes of explanation, numerous
specific details are set forth, such as component values,
frequencies, voltages, impedances, etc., in order to provide a
thorough understanding of the present invention. It will be
obvious, however, to one skilled in the art that the present
invention may be practiced without these specific details. In
other instances, well-known structures and devices are shown
in block diagram form in order to avoid unnecessarily
obscuring the present invention.

Referring to Figure 2, a block diagram of the currently
preferred embodiment of the present invention is shown. It
can be seen that the source power coupler is coupled between
the two lines 216 and 207 from the power source and the
output lines 202 and 203 to the cells. Line 216 is the positive
input from the power source, and line 207 is the negative
return from the power source. Lines 202 and 203 are the
transmission lines for coupling the cells of the network. Both
power and data signals are conducted over lines 202 and 203.
The four lines 216, 207, 202, and 203 can include any pair of
wires, such as shielded twisted pairs, unshielded twisted pairs,

quad pairs, untwisted pairs, and even two coaxial cables.
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The source power coupler 200 is comprised of a lower
overcurrent detector 201. The lower overcurrent detector
201 is used to prevent excessive output currents during start-
up when capacitances on the transmission lines 202 and 203
are being charged. In addition, the lower overcurrent detector
201 prevents excessive output currents whenever an overload
or short circuit across the transmission lines 202 and 203
occurs.

Once the overcurrent detector is triggered, the output
current is limited until the lower delay timer 204 times out
(approximately 0.7 seconds). This provides sufficient time for
the capacitors in the cells across the transmission lines 202
and 203 to be charged up. After approximately 0.7 seconds,
the lower stop timer 205 is activated. Thereupon, the lower
source power isolator 206 is turned off for approximately
seven seconds. Hence, this results in a duty cycle of
approximately 10%.

In the present invention, the seven second delay occurs

“each time the source power coupler is powered-up, thereby
providing enough time for the power source to reach full
output voltage. Consequently, the possibility of accidentally
tripping the power source's overcurrent protection mechanism
is minimized.

For some applications, such as when the power is

derived from a grounded power supply, the grounding of
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either input line is normal. However, if either output line
becomes accidentally grounded with a grounded power
supply, then an overcurrent condition may exist. For example,
if lines 216 and 202 become grounded, there is no problem
with overcurrent. Similarly, if lines 203 and 207 become
grounded, there is no problem with overcurrent (except
possibly at start-up). However, if lines 216 and 203
accidentally become grounded, then the lower overcurrent
protection is triggered. Likewise, if lines 207 and 202 become
grounded, the upper overcurrent protection is triggered.

The upper overcurrent detector 209 detects this
condition. Upper overcurrent detector 209 is set to detect
currents greater than approximately three amperes. Upon
detecting currents exceeding three amperes, the upper
overcurrent detector generates a current limit signal which is
input to the upper stop timer 210. When the upper stop timer
receives a current limit signal, it sends a stop signal to the
upper source power isolator 208. The stop signal turns off the
upper source power isolator 208 in less than 0.001 second
and keeps it off for approximately 0.1 second. As a result, a
1% duty cycle is achieved.

The active supply divider 211 is used to provide a
voltage for powering the internal op-amps at half of the input
voltage. Since the input voltage is +48 volts, the active supply

“divider 211 provides a +24 volts output onto an internal
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housekeeping bus. The +24 volts is used to power the
semiconductor devices inside the source power coupler.

The undervoltage lockout with hysteresis block 212
prevents the source power coupler from operating when the
input voltage is below approximately thirty volts. This
insures sufficient voltage on all circuitry during operation.
This also prevents loss of control which might damage the
source power isolators' transistors by excessive power
dissipation. Approximately five volts of hysteresis is provided
to insure an abrupt (i.e., clean) snap-on and snap-off of the
SPI during power-up and power-down routines. This
precludes the possibility of a power source comprised of a
linear power supply which utilizes foldback current limiting,
from "hanging up" in foldback at the SPI undervoltage lockout -
point.

The reverse voltage protection block 213 is comprised of
a three ampere diode. Its function is to provide reverse
voltage protection in case of accidental reversed connections
to one of the transmission lines.

The line termination block 214 is used to provide a
constauit differential termination impedance over the usable
signal frequency range. This minimizes signal reflections from
the end of an otherwise unterminated transmission line.
Furthermore, it also minimizes the distortion of signal

waveforms. Moreover, since the signal sources in the cells
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along the transmission line usually utilize current source
outputs, an‘appropriate damping impedance (e.g., 50 ohms),
prevents voltage clipping at the current source outputs from
an otherwise unterminated line.

In applications wherein two or more source power
couplers are u;ed together for additional power capability, it
is important that both source power couplers power-up the
transmission line at the same time in order to avoid the
possibility of a "hang-up" problem and continuous "burp"
shutdowns. A "burp" refers to the activation of a current
limiter. The upper source power isolator requires
approximately 0.001 seconds to trip and "burp". The lower
source power isolator requires approximately 0.7 seconds to
trip and "burp". The term "hang-up" refers to a repeating
series of "burp” overcurrent shutdowns, such as a failure to
startup the communications line power. For example, if the
line requires 1.5 amperes and each source power isolator can
deliver 1.0 amperes without "burping", then they both must
startup at the same time to provide a 2.0 ampere burp-free
capability. This requires synchronization.

In the currently preferred embodiment of the present
invention, certain safety guidelines are followed. For example
UL 864, 1076, 916, and 508 specify that no more than 42.4

volts DC should be applied across the transmission line under

9

most operating conditions. In addition, this 42.4 volt limit
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should not be exceeded even with a single point failure (i.e., a
single short or open in any single component) in the source
power coupler. These safety precautions are provided by the
output 42.4 volt limiter block 215. When the output voltage
exceeds 42.4 volts, block 215 generates and sends a limit
signal to the upper and lower source power isolators 208 and
206. Thereupon, the voltage dropped by the upper and lower
source power isolators 208 and 206 is increased to maintain
the output voltage below 42.4 volts. Consequently, any
component in the source power coupler can be opened or
shorted (i.e., a single point failure) without the source power
coupler outputting more than 42.4 volts.

Figure 3 is a detailed circuit diagram of the currently
preferred embodiment of the source power coupler. It can be
seen that the lower overcurrent detector is comprised of an
open collector voltage comparator 301, which detects a one
ampere current limit point by sensing a 0.2 volt drop across
resistor 302. The 10V zener diode 303 and resistor 304
provide foldback current limiting which minimizes the power
dissipation in transistor 305. Furthermore, comparator 301
draws current through diode 306 and resistor 307 to minimize
the current flowing through the lower source power isolator.
This current limit action continues until the lower delay timer
times out as determined by the RC time constant of resistor

- 308 and capacitor 309. Afterwards, the lower stop timer
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comprised of capacitor 309 and resistors 308 and 310-313 is
activated and completely turns off the lower source power
isolator for approximately seven seconds. This produces a
10% duty cycle and also limits the power dissipation in
transistor 305 to a non-destructive value.

The upper overcurrent detector is set to detect currents
above three amperes. It is comprised of transistor 316 and
resistor 317. The current limit signal activates the upper stop
timer comprised of op-amp 318, resistors 319 and 320,
capacitor 324, and diode 322.

The active supply divider is comprised of zener diode
326, transistors 327-328, and resistors 323-325 and 329-330.
Noise filtering is provided by resistor 329 and capacitor 331.
Additional filtering is provided by resistor 330 and capacitor
332. These filters minimize the internal power supply bus
noise and enhances the common mode power supply rejection
capability to improve the high frequency impedance of the
upper and lower source power isolators.

It can be seen that the input undervoltage lockout and
hysteresis function is implemented by resistors 333-335 and
op-amp 336. This prevents the source power coupler from
operating when the input voltage is less than approximately
thirty volts. Hence, sufficient voltage is supplied to the
various circuits, while preventing loss of control which might

damage source power isolator transistors 305 and 315 from
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excessive power dissipation. Furthermore, the diode 337 is
used to provide reverse voltage protection to protect
transistors 305 and 315 against accidental reversed
connections to a transmission line, which would otherwise
cause a voltage breakdown in those transistors.

In some instances, such as when there is a very small
output load current, op-amp 360 may have difficulty
controlling the gate of transistor 305. Hence, diode 397 is
implemented to provide a voltage offset which is set by zener
diode 397. The voltage of zener diode 397 is chosen such that
op-amp 360 remains able to control transistor 305 all the way
down to no load. Capacitor 398 is used to reduce the
broadband noise of zener diode 397, as well as reduce the
impedance at high frequencies between the output of op-amp
360 and the gate input of transistor 305.

Referring to Figure 3, it can be seen that the resistors
338 and 340 and the capacitors 339 and 341 provide a
constant differential termination impedance over the usable
signal frequency range. Note that the common mode (i.e., the
output lines to earth ground) impedance is low because
resistors 338 and 340 are in parallel. This 12.5 ohm common
mode impedance helps prevent common mode noise currents
from reducing the voltage across transistors 305 and 315, If

the voltage across transistors 305 and 315 becomes too small,
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the impedance across them will diminish and limit the AC
signal on that transmission line.

In applications where two or more source power
couplers are used together, the synchronization function for
ensuring that both source power couplers power up the
transmission line at the same time, is provided by resistor 342
and capacitor 343. When one source power isolator turns on,
the voltage on the negative output line of the other source
power coupler falls and couples an AC signal through resistor
342 and capacitor 343 onto the two volt internal bus. In turn,
this reduces the threshold voltage at comparator 314, thereby
permitting an earlier, synchronized turn on of the source
power coupler.

In order to ensure that no more than 42.4 volts DC is
ever applied across the transmission line, a single fault
tolerant circuit to sense the output DC voltage and to provide a
current signal to the upper and lower source power isolators is
provided to limit the output voltage. The circuit consists of
two parallel, identical voltage sense circuits for redundancy,
each with an adjustment for a precision output voltage limit
setting. It also includes a pair of protection/rectification
diodes and a low-pass RC filter circuit. In the event any
component in the entire source power coupler is either
shorted or opened (i.e., single point failure), resulting in a

potential output overvoltage condition, the feedback signal
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from the Vgyt limiter will maintain control of either or both of
the upper and lower source power isolators so as to prevent
the output differential voltage from exceeding 42.4 volts, a
requirement by some safety agency specifications. The
voltage limit setting remains stable with variations in ambient
temperature and is not affected by data rate signals
supeﬁmposed on the output DC voltage.

In Figure 3, a voltage dividér, resistors 381-383 and 393
are coupled from the source power coupler output (i.e., +OUT
and -OUT) to the bases of NPN transistor 374 and PNP
transistor 373. The emitters of these transistors are
connected via series zener diode 375. With proper adjustment
of resistor 382, the voltage divider can be set to cause the
transistors to turn on when the output voltage +OUT to -OUT
approaches 42.4 volts. When the resulting voltage across the
series zener diode causes it to conduct, current into the
collector of NPN transistor 374 from the upper source power
isolator via d'iod‘e 373 and resistor 370 flows through the

-zener diode and out of the collector of PNP transistor 377 to
the lower source power isolator via diode 376 and resistor
371.

The negative temperature coefficients of the NPN and
PNP transistors are canceled by the positive temperature
coefficient of the 8.2 volt zener diode, thereby rendering the

overvoltage setting stable with respect to temperature. Since
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the overvoltage current signal under normal operation
from/to the upper/lower source power isolators respectively
is identical, both source power isolators respond to the
overvoltage condition symmetrically. The redundant portion
of the Voyt limit circuit is formed by elements 385, 390-392,
384, and 386-388. This results in symmetric voltage drops
across the upper and lower source power isolators and
prevents the output voltage from exceeding 42.4 VDC.

Capacitor 380 in conjunction with resistors 381-383 and
393 filter out data rate frequencies from the sampled voltage
divider signal to prevent rectification by the NPN and PNP
transistors. Otherwise, the output voltage would be reduced
when data rate signals are present. Capacitor 372 in
conjuriction with resistors 370 and 371 form a low pass filter
of the voltage limit feedback signal to prevent it from
otherwise reducing the AC impedance presented by the source
power isolators.

In the present invention, any single point fajlilre will not
cause the output voltage to exceed 42.4 volts. At worst case,
either the upper source power isolator and transistor 349 or
the lower source power isolator and transistor 348 will remain
functional. In either case, the output voltage is limited.

Resistor 393 and light emitting diode (LED) 394 serve to
indicate the active power on state of the source Apower coupler.

When the power is ON, +OUT is 42 volts with respect to -OUT.
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A current flows through resistor 393 and through forward
biased diode 394, causing LED 394 to emit light. This indicates
that the source power coupler is ON and that it can provide
network power. LED 394 does not emit light when the source
power coupler is turned OFF.

Furthermore, two resistors 3001 and 3002 are
implemented to automatically center the output of a ﬂoating
source power supply with respect to earth ground. Resistor
3001 is a 10K ohm resistor coupled from the collector of
transistor 327 to ground. Resistor 3002 is a 10K ohm resistor
coupled from capacitor 332 to ground. Hence, if Vout is
desired to be 42 volts, then +OUT is +21 volts and -OUT is -21
volts with respect to earth ground.

A diode 3003 is coupled across the polarized outplit
termination capacitor 341. Similarly, diode 3004 is coupled
across the polarized output termination capacitor 339. These
two diodes 3003-3004 are used to protect the capacitors 341
and 339 in case they become reverse polarized.

Figure 4 is a circuit diagram of the lower source power
isolator and the relevant components for establishing the DC
operating point. Given that the internal housekeeping bus is-
at 24 volts, the following calculations are used to determine
the value for Ry in order to develop a three volt DC drop

across transistor 305:
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V1=V2
V2=(24)[Rx/(Rx+100K)]
I(node 401)=0= {[(24-V1)/100K]-
[V1/100K]}-

[(V1-3V)/470K]}
V1=11.135V=V)
11.135V=24[Rx/(Rx+100K)]
Rx=86.6Kohm

The source power isolator 400, having an impedance Z(f)
as a function of frequency, is comprised of op-amp 360,
transistor 305, resistors 402-403 and 410-412, and capacitor
405. The output of op-amp 360 is coupled to the gate of
transistor 305. The drain of transistor 305 is coupled to the
negative output transmission line, and the source of transistor
305 is coupled to a sense resistor 404. The other end of sense
resistor 404 is coupled to either ground or the power source.
The inverting iﬁput of op-amp 360 is coupled to the junction
406 of the source of transistor 305 and sense resistor 404.
This forms a control loop to provide a high AC impedance
between the power source and the transmission line. Hence,
the lower source power isolator has an impedance Z(f) which
is a function of frequency.

The non-inverting input of op-amp 360 is coupléd to a

voltage feedback resistor 402 and a capacitor 405. The other
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end of feedback resistor 402 is coupled to the transmission
line, while the other end of capacitor 405 is coupled to the
power source. This forms a constant DC voltage control loop,
which maintains a nearly constant DC voltage across transistor
305. The offset voltage developed because resistor 403 is not
100K ohms as are resistors 410-412 provides an offset voltage
between either the inverting or non-inverting input of op-
amp 360. This sets the quiescent DC voltage across the
transistor 305.

The upper source power isolator is comprised of the

same components as the lJower source power isolator as

~ described in detail above. It should be noted that transistors
305 and 315 can be either field effect transistors or bipolar
transistors. For bipolar transistor embodiments, the gate
corresponds to the base; the drain corresponds to the collector;
and the source corresponds to the emitter.

Figure S is a circuit diagram of the lower source power
isolator and the relevant components for establishing the AC
impedance. In the present invention, the value of C1 is
calculated to achieve a relatively high AC impedance (e.g.,
ZAC=X1=50 ohms). This prevents excessive loading of the
transmission line to ground at the lowest data frequency (e.g.,

1.0 KHz). The value of C1 is calculated as follows:

V1=V2
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Zac=Eac/Iac

Set Eoc=1.0 volts
Iac=EAac/Zac=1/50=0.02 amperes
V2=IacRs=0.02(0.2)=0.004 volts

0.004 volts= 1.0 volt [X¢1/(Xc1+470K)]
Xc1<<470K

0.004 volts= 1.0 volt (Xc1/470K)
Xc1=1880 ohms at 1.0 KHz
C1=1/(21Xc1)=0.085 microfarads

Note that the effect of R2 is negligible because it is coupled
across op-amp 360. Consequently, R2 has virtually zero volts
across it.

It should also be noted that the upper source power
isolator is essentially a mirror image of the lower source
power isolator. Hence, it has identical corresponding
components, and both of the source power isolators have
nearly the same electrical performance.

Figure 6 is a plot showing the source power coupler's
impedance as a function of frequency. It can be seen that the
source power coupler's impedance increases at six decibels per
octave of frequency until a maximum impedance is attained.
At higher frequencies, the source power coupler's impedance
starts to fall off. This happens because, the high-frequency
gain for op-amps 318 and 360 and transistors 305 and 315
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starts falling off at the higher frequencies, thereby resulting in
a drop

In the foregoing specification, the invention has been
described with reference to specific exemplary embodiment
thereof. It will, however, be evident that various
modifications and changes may be made thereto without
departing from the broader spirit and scope of the invention
as set forth in the appended claims. The specification and
drawings are, accordingly to be regarded in an illustrative

rather than a restrictive sense.

Thus, a source power coupler is disclosed.
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CLAIMS
What is claimed is:

1. A source power coupler for coupling a power
source to a first transmission line and a second transmission
line, said first and said second transmission lines coupling a
first processor to a second processor, wherein power is
supplied to said first processor and said second processor by
said first and said second transmission lines and data signals
are conducted between said first processor and said second
processor by said first and said second transmission lines, said
source power coupler comprising a transistorized circuit

having an input impedance which increases with frequency.

2. The source power coupler of Claim 1 further
comprising a regulating means coupled to said transistorized
circuit for regulating an output voltage of said source power
coupler approximately equal to but not exceeding a pre-

determined voltage.

3.  The source power coupler of Claim 2, wherein said
regulating means regulates said output voltage over load,

temperature, and input voltage variations.
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4.  The source power coupler of Claim 3, wherein said
regulating means includes a potentiometer for adjusting said

output voltage.

5. The source power coupler of Claim 4, wherein said

regulating means is symmetric.

6.  The source power coupler of Claim 5, wherein said

regulating means is single fault failure tolerant.

7. The source poWer coupler of Claim 1 further
comprising a diode coupled across said first transmission line
and said second transmission line for protection against

reversed polarity.

8. The source power coupler of Claim 1 further

comprising a voltage limiter that is single fault tolerant.

9.  The source power coupler of Claim 1 further
comprising a filter for providing input power supply noise

rejection.

10. The source power coupler of Claim 1 further

comprising an active supply divider.
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11. The source power coupler of Claim 1 further
comprising a means for providing an output current bias

during low DC current loading.

12. The source power coupler of Claim 1 further
comprising a light emitting diode for indicating whether said

source power coupler is operating.

13. The source power coupler of Claim 1 further
comprising a means for selectably changing an output
impedance of said source power coupler, wherein at least two

source power couplers can be coupled together in parallel.

14. The source power coupler of Claim 1 further
comprising a means for centering an output voltage with

respect to earth ground.

15. The source power coupler of Claim 1 further
comprising a diode coupled across a polarized output

termination capacitor.

16. The source power coupler of Claim 1 further
comprising two RC filters coupled in series across said first

transmission line and said second transmission line.
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17. A solid state source power coupler for coupling a
power source to a first transmission line and a second
transmission line, wherein direct current power from said
power source is conducted by said source power coupler to
said first and said second transmission lines while alternating
current on said first and said second transmission lines is
isolated from said power source by said source power

coupler.

18. The solid state source power coupler of Claim 17
further comprising a regulating means coupled to said
transistorized circuit for regulating an output voltage of said
solid state source power coupler approximately equal to but

not exceeding a pre-determined voltage.

19. The solid state source power coupler of Claim 18,
wherein said regulating means regulates said output voltage

over load, temperature, and input voltage variations.

20. The solid state source power coupler of Claim 19,
wherein said regulating means includes a potentiometer for

adjusting said output voltage.
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21. The solid state source power coupler of Claim 20,
wherein said regulating means is symmetric in relation to said

first transmission line and said second transmission line.

22. The solid state source power coupler of Claim 21,

wherein said regulating means is single fault failure tolerant.

23. The solid state source power coupler of Claim 22
further comprising a diode coupled between said first
transmission line and said second transmission line for

protection against reversed polarity.

24. The solid state source power coupler of Claim 23
further comprising a voltage limiting means for limiting an
output voltage, wherein said voltage limiting means is single

fault tolerant.

25. The solid state source power coupler of Claim 24
further comprising a filter for filtering power from said power

source.

26. The solid state source power coupler of Claim 25

further comprising an active supply divider.
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27. The solid state source power coupler of Claim 26
further comprising a means for providing an output current

bias during low DC current loading.

28. The solid state source power coupler of Claim 27
further comprising a light emitting diode for indicating

whether said solid state source power coupler is in operation.

29. The solid state source power coupler of Claim 28
further comprising a means for changing an output impedance
of said solid state source power coupler for coupling at least

two solid state source power couplers together in parallel.

30. The solid state source power coupler of Claim 31
further comprising a means for centering an output voltage

with respect tqQ earth ground:

31. The solid state source power coupler of Claim 30
further comprising a diode coupled across a polarized output

termination capacitor.

32. The solid state source power coupler of Claim 31
- further comprising two RC filters coupled across said first and

said second transmission lines.
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33. A source power coupler for coupling a power
source to a first transmission line and a second transmission
line, wherein direct current power from said power source is
conducted by said source power coupler to said first and said
second transmission lines while alternating current on said
first and said second transmission lines is isolated from said
power source by said source power coupler, said source
power coupler comprising:

an operational amplifier having a non-inverting input
and an inverting input;

a transistor having a gate coupled to an output of said
operational amplifier, a drain coupled to one of said first and
said second transmission iines, and a source coupled to said
inverting input of said operational amplifier, wherein a first
control loop provides an alternating current impedance
between said power source and said one of said transmission
lines;

a first resistor coupled between said source of said
transistor and said power source;

a capacitor coupled between said non-inverting input of
said operational amplifier-and said power source;

a second resistor coupled between said non-inverting
input of said operational amplifier and said one of said
transmission lines, wherein said capacitor and said second

resistor provide a second control loop for maintaining an
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approximately constant direct current voltage across said

transistor.

34. The source power coupler of Claim 33 further
including a means for producing an offset voltage associated
with either said non-inverting or said inverting input of said
operational amplifier for setting a quiescent direct current

voltage across said transistor.

35. The source power coupler of Claim 34 further
comprising:

a second operational amplifier having a non-inverting
input and an inverting input;

a second transistor having a gate coupled to an output of
said second operational amplifier, a drain coupled to the other
of said first and said second transmission lines, and a source
coupled to said inverting input of said second operational
amplifier, wherein a third control loop provides an alternating
current impedance between said power source and said other
one of said transmission lines;

a third resistor coupled between said source of said
second transistor and said power source;

a second capacitor coupled between said non-inverting
input of said second operational amplifier and said power

source;



WO 95/03654 PCT/US94/06874

34

a fourth resistor coupled between said non-inverting
input of saiq second operational amplifier and said other one
of said transmission lines, wherein said second capacitor and
said fourth resistor provide a fourth control loop for
maintaining an approximately constant direct current voltage

across said second transistor.

36. The source power coupler of Claim 33 further

comprising a means for providing a constant startup current.

37. The source power coupler of Claim 36 further

comprising a duty cycle dissipation limiter.

38. The source power coupler of Claim 37 further

comprising a foldback current limiter.

39. The source power coupler of Claim 38 further
comprising a means for generating a delay to allow said power

source to attain full output voltage during power-up.

40. The source power coupler of Claim 39 further
comprising a current limit means for safeguarding said source
power coupler when one of said transmission lines is short

circuited to ground.
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41. The source power coupler of Claim 40 further
comprising a means for reactivating a power startup sequence

if an input voltage falls substantially below a normal input

voltage level.

42. The source power coupler of Claim 41 further
comprising a synchronization means for synchronizing power
startup sequences associated with a plurality of source power

couplers.

43. The source power coupler of Claim 42, wherein
said first transistor and said second transistor are field effect

transistors.

44. The source power coupler of Claim 42, wherein
said first transistor and said second transistor are bipolar

transistors.
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