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Figure 1:
Prior Art: UPS Design

12 16
| 14— ( | 32~
i AC/DC j DC output ‘ DC output
,’ﬁf}lﬁ? | =1 CONVERTER MULTIPLEXER BN
28
20 j | | INTERNET
1 Bottery Charger Circuit l TELEPHONE
l 18( Bottery Test Circuit ‘ BC"GOOD
26 22
| 20 Y 24~ *
Figure Z2:
-20 Battery Test Circuit

________ Prior Art
[ R

40
\ COMPARATOR

REF VOLTAGE ——\

| |
BATTERY j | - _~ I
42

00/ 26 : L e /50 46 :
| SWITCH CONTROLLER |
|y 8 |

BUMMY
| | ResiSTOR |

LOAD




US 6,624,635 Bl

Sheet 2 of 7

Sep. 23, 2003

U.S. Patent

pmm e e
)
"
PV IR ETIENU] ! A¥3LvE
A | .
124
J.hl/mh m 8l
|||||||||||| -
] “ ' (
m m TSI
FINLEST | ) 4@biou
m 11 o._.o m m A1sy304
] m | y
1
I | _m@/
_ . _ aaxaann | |
m e “ ndino 20 |
I 1 “ mo
e L. 199 ] )
m “ T NO 1vd m Z9
“ d14LD " “ Y9~
I L '
| |~ 771s3L"Lve !
R, J e e
ANOMA3AL Sy
LINAIINI

auoyds|s| 19uUISY| U0} SN
:¢ eunbi4

\Om
1NdN)
HILN3IANQD =

wdine oQ f. 20/v
vl )
cl



US 6,624,635 Bl

Sheet 3 of 7

Sep. 23, 2003

U.S. Patent

ur
19U

GL

NVAIAN

¥37T04.INOD

:qp 84nbi-

1
|
mw/ | | 4"
Vi - a -=-QQ " ! "
synday 1l oL Y indine 24 89 indino g’ | : ) bl
! 1 ju b ]
_..|||I......... R G 41 1¥3LA3ANOD
gs ' i 99 m {20 o1
T7NO”LVE ! _
0Q/V m EERN m
!
s | m “
ROV = OO ¢w_..pmups»<mm L0 /K m
s — V.V@ | S "
118317 1v8 _“ 69 |
] aJ ]
“-pg HWIO v : JaIN “
2, emmmmemeeemmmoees

4IXIJILINN Dy 84nbi4



U.S. Patent

Sep. 23, 2003

Sheet 4 of 7

Figure 5:

Charge Estimation Waveforms
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Figure 7:
Reserve Capacity vs Number of Discharges
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UNINTERRUPTABLE POWER SUPPLY

FIELD OF THE INVENTION

This invention relates to Uninterruptable Power Supplies
(UPS), and more specifically, to the class of UPS used to
provide power to an Internet Telephone (IT), an Internet
Telephone Cable Modem (ITCM), and an Internet Tele-
phone xDSL Modem (ITDM).

BACKGROUND OF THE INVENTION

This invention is in the field of power sources which
power a load such as an internet telephone, wherein the
power source includes both an internal source such as a
rechargeable battery, and an external source such as mains
voltage. In an internet telephone, power is usually furnished
to the telephone through the mains. However, during power
outages, it is critical that the telephone operate reliably using
the internal source. Moreover, since mains power failures
are infrequent, it is very important that the reserve capacity
of the internal source be known in advance of switching over
to this source during a time of power outage. It is also
important to advise the user to replace the battery when it
demonstrates insufficient reserve capacity, rather than make
this determination when there is no alternative power source
available.

It is desired to periodically measure the reserve capacity
of the battery as accurately as possible to ascertain that it is
capable of operating the internet telephone in the event of
mains power failure and to make such measurement when it
is unlikely to interfere with a users utilization of the internet
telephone.

There are several prior art techniques used to estimate the
reserve charge in a battery. One class of system utilizes the
open circuit voltage of the battery in comparison to the
loaded voltage of the battery. One such example system is
U.S. Pat. No. 4,180,770 by Eby. In this system, the differ-
ence between open circuit voltage and loaded voltage of the
battery actuates a comparator which drives an indicator.
Quite often, this load comprises a test load independent of
the actual load, such that the test load provides for an
accurate measurement. Another example system is described
in U.S. Pat. No. 5,122,751 by Aita et al. In this patent, the
test load comprises the actual device receiving power, and
the reserve charge is determined by comparing the discharge
curve for the present battery driving this actual load against
a series of characteristic battery curves shown in FIG. 6 of
this reference. When a match is made based on discharge
characteristic, a depth of discharge is imputed to the battery.
U.S. Pat. No. 5,650,712 by Kawai et al describes an algo-
rithm whereby a circuit external to the battery monitors the
charge added or subtracted from the battery, and stores this
estimate in a memory. The reserve capacity is therefore
indicated in this memory. U.S. Pat. No. 5,726,573 by Chen
discloses an external power supply charging a battery. From
time to time, a CPU requests a test of the battery, which only
occurs when the battery has sufficient voltage. If the battery
drops below a specified voltage during the test, a signal is
sent to the CPU indicating this failure, and further tests are
prevented until the battery is replaced.

SUMMARY OF THE INVENTION

The present invention comprises an AC/DC converter, a
rechargeable battery, a device load typically comprising an
internet telephone, a controller producing a BAT _TEST_L
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signal, and a multiplexer controlled by this BAT TEST_L
signal, whereby the internet telephone is either powered by
the battery, or it is powered by the AC/DC converter through
the external AC mains. Additionally, there is a battery
charging circuit, whereby the battery is charged by the
AC/DC converter while the converter is powering the inter-
net telephone. When external mains power source is present,
the converter provides a trickle charge to the battery, typi-
cally at a rate which would require 24 hours to fully charge
the battery from a discharged initial state. During the dura-
tion of trickle charge, the battery reaches a fully charged
state. When the controller determines that it is time to test
the reserve capacity of the battery, it asserts a BAT
TEST L signal, which causes the multiplexer to change the
power source to the battery. During this time, the battery
charging circuit is disabled. For the duration of
measurement, the battery is furnishing current to the internet
telephone, which acts as a live test load, and the output
voltage and current of the battery are measured. After the
measurement interval has ended, the controller deasserts the
BAT_ TEST_L signal, and the internet telephone is again
powered by the converter through the external AC mains.
From the acquired data during the measurement interval, a
discharge time Td and a discharge voltage Vd is extracted.
The Td and Vd values are compared to an exemplar set of
values stored in the controller, and a value for reserve
capacity is determined. This reserve capacity value is stored
in the non-volatile random access memory (NVRAM) of the
controller. The example set of values related to the reserve
capacity of the battery is pre-determined at the factory, and
a minimum reserve capacity value can be chosen for a
particular class of battery. If the value of reserve capacity
measured during the battery test falls below a minimum
reserve capacity value, a message is sent to the user request-
ing replacement of the battery. The time that the charge
estimation test is initiated and the interval between such tests
is varied according to the known state of the battery and the
usage pattern of the telephone. Tests are always initiated
during times of minimum use, based on usage patterns
measured by the network to which the IT is attached. The
frequency of the battery reserve capacity test is varied
according to the state of the battery. For example, a new
battery is tested less frequently than a battery with a dimin-
ishing reserve capacity margin over acceptable thresholds.

In addition to the measurement of Td and Vd values, each
time the battery is discharged by the IT during a mains
power fail condition, a record is kept in the non-volatile
memory (NVRAM) of the controller of the number of
discharges and depth of each discharge. Since the battery life
may also be estimated by the depth of discharge and the
number of such discharges, it is also possible to estimate the
life of the battery based on these discharge records. When
the threshold for discharges at various depths is exceeded, a
message is sent to replace the battery.

The reserve capacity threshold and the discharge depth
and discharge cycle threshold of the battery can be updated
after the internet telephone has been installed in the field,
through the network connection between the internet tele-
phone and the Service Provider (the Central Office). This
capability to revise the various threshold values after instal-
lation allows the Service Provider to obtain the maximum
usage from a battery. Additionally, the discharge record and
the current reserve capacity of the battery can also be
retrieved by the Service Provider periodically. This capabil-
ity allows the Service Provider to plan replacement battery
procurement in an orderly fashion.

OBJECTS OF THE INVENTION

A first object of the invention is to enable the measure-
ment of reserve capacity of a battery using the most accurate
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load possible. A second object of the invention is to vary the
interval between tests according to measured parameters and
the current internet telephone operating state, in order not to
interrupt the normal operations of the internet telephone. A
third object of the invention is to disable reserve capacity
measurement when an excessively low reserve capacity
measurement has been made, or it has been detected that the
previous reserve capacity measurement test failed to com-
plete. A fourth object of the invention is to allow the
alteration of battery replacement criteria after the UPS has
been deployed through network updates to gain maximum
useful life from the battery, and to allow the monitoring of
reserve capacity of all batteries deployed in the field.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is the block diagram for a prior art Uninterruptable
Power Supply (UPS) providing power to an Internet Tele-
phone (IT).

FIG. 2 is the block diagram for a prior art battery test
circuit for the UPS of FIG. 1.

FIG. 3 is the block diagram for an Uninterruptable Power
Supply for an Internet Telephone.

FIG. 4a is the block diagram for the multiplexer of FIG.
3

FIG. 4b is the block diagram for the controller of FIG. 3.

FIG. 5 shows the waveforms for the charge estimation
test.

FIG. 6 shows the relationship between reserve capacity,
Td and Vd.

FIG. 7 shows the relationship between reserve capacity
and number of discharges.

FIGS. 8a and 8b show a flowchart for the reserve charge
measurement and estimation functions of the controller of
FIG. 4b.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 shows a prior art UPS comprising a power supply
10 and an Internet Telephone 32, which is understood to be
any load requiring power from a battery during times of
mains power 30 interruption. Mains power 30 is delivered to
an AC to DC converter 12, which produces a DC output 14.
This output is used to power a battery charger circuit 18,
which furnishes charge to battery 24 via terminal 26. The
battery provides charge to DC output multiplexer 16, which
selects between DC source 14, or battery 26. As one
example, multiplexer 16 could comprise a first diode having
an anode connected to converter 14 and a cathode connected
to DC output 28, and a second diode having an anode
connected to the battery 26, and cathode connected to DC
output 28. With these connections, battery voltage 26 must
be greater than the DC output 14 before current flows out of
the battery 24 to DC output 28. During this time, the battery
may be charged by charge circuit 18, which may simply
comprise a resistor connected between output 14 and battery
terminal 26. The reserve capacity of the battery is deter-
mined by test circuit 20, which produces the signal BAT
GOOD 22, indicating to the internet telephone whether the
battery has a sufficient level of reserve charge. The negative
assertion of the BAT GOOD signal is commonly used to
illuminate an indicator on the internet telephone when it is
time to replace the battery.

FIG. 2 shows an example battery test circuit 20. The
battery 24 provides a battery voltage 26, which periodically
is connected to dummy resistor load 48 using switch 44. The
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switch enables the connection of the battery 24 to the
dummy load 48 upon the assertion of test signal 50 produced
by controller 46. During the time of test, the battery voltage
26 is compared to a reference voltage 40 by comparator 42.
If the battery voltage 26 exceeds this reference voltage 40
during the brief test time, the BAT GOOD signal 22 is
asserted.

FIG. 3 shows an uninterruptable power supply 60 con-
nected to an internet telephone 70. The internet telephone 70
has a controller 72, which receives a DC output 68 from the
power supply 60 before passing it to the remaining circuits
via terminal 74, and also generates a BAT TEST L signal
64, and receives a BAT ON_ L signal 66. Additionally, the
controller 72 includes an internet link 75, which may include
any physical layer format which directly or indirectly pro-
vides for the transmission and reception of internet mes-
sages. These messages may be in the Internet Protocol (IP),
or any other protocol which affords the transmission of a
“replace battery”, or reception of a “test battery” message.
The uninterruptable power supply 60 includes mains input
30, and an AC to DC converter 12 producing a dc output 14,
as before. Battery 24 has an output 26, which is delivered to
DC output multiplexer 62. The multiplexer 62 is controlled
by BAT_TEST_ L input 64, and connects the battery 24 to
the DC output 68 when BAT TEST L 64 is asserted.
During the time BAT TEST L 64 is asserted, the DC
output 68 is provided exclusively by the battery 24, and
when it is not asserted, the DC output 68 is provided by the
AC/DC converter output 14. BAT _ON__L 66 is generated
by the multiplexer 62 to indicate that the battery 24 is
actively providing charge. The multiplexer 62 includes a
provision which prevents the switchover to the battery 24 if
the battery voltage 26 fails to maintain a minimum level.
When the multiplexer 62 blocks this switchover due to a
defective or marginal battery 24, or a switchover occurs
before the completion of the test, BAT TEST L 64 is not
asserted, or it stops being asserted upon cessation of the
battery providing current to the load. Battery charger circuit
18 typically comprises a diode in series with a resistor, such
that current flows to the battery when converter 12 is
producing an output in excess of the battery voltage.

FIG. 4a shows the details of a multiplexer 62. Converter
voltage 14 enters one input of switch 63. Battery voltage 26
enters the other input of switch 63, and DC output exits on
terminal 68. The battery voltage is compared to a reference
voltage 69 by comparator 67, which produces a “0” at
comparator output 71 when the voltage level is sufficient.
Upon assertion of BAT _TEST__L 64 to a “0” level, the OR
gate 65 produces a 0 output at BAT ON__L 66, and switch
63 sclects the battery 26 as a source. The battery continues
to supply current to the telephone load until either the test is
terminated through the deassertion of BAT ON__L 66, or
the battery voltage 26 falling below the VREF 69. In either
event, the switch changes over to the converter DC 14. It is
understood by one skilled in the art that there are many such
multiplexer and battery test circuits that could be used to
perform this function. The example circuit shown illustrates
the operation of the invention and is not intended to limit the
practice of the invention to the particular embodiment
shown. The function of the battery test of the multiplexer 62
is to perform a very simple and crude test which terminates
the test in the event the battery fails during or before the
more accurate measurement described later.

FIG. 4b shows the internet telephone controller 72 in
additional detail. The DC output 68 passes through a current
measurement device 86 before powering all of the internet
telephone circuits, which are connected to IT circuit node
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74. The measurement device 86 produces a current mea-
surement output 84, which is sampled along with the DC
output voltage 82. During the time that BAT TEST L 64
is asserted, DC output 68 is identical to battery voltage 26.
Both the voltage 82 and current 84 are sampled by A/D
converters 76 and 78 in the controller 72. BAT ON L
signal 66 is not asserted by the multiplexer 62 when the
battery 24 is not fully charged, or is in a depleted charge
condition, as described earlier. This prevents a failure caused
by switching over to a depleted or defective battery 24 when
BAT_TEST__L 64 is asserted. In this manner, the controller
may determine that the battery is depleted or unavailable
when BAT ON__L 66 is not asserted shortly after BAT
TEST L 64 is asserted, and the test may be terminated.
NVRAM 80 is used for the permanent storage of battery
characteristics, as well as data taken from A/D converters 76
and 78. Internet link 75 is for the transmission and reception
of network messages, as described earlier, and may also be
used for the transmission and reception of battery
characteristics, controller program code, and the like.

FIG. 5 shows the measurement waveforms of the present
invention of FIG. 3. BAT TEST L 64 is asserted at time
T1 98, as shown in waveform 90. If the multiplexer deter-
mines that the battery has enough charge or voltage to
participate in the measurement, BAT _ON__L 66 is asserted,
as shown in waveform 92. When the trickle charge is
removed by charger circuit 18, the DC output of the battery
94 moves from the charging voltage 104 to the pre-discharge
voltage V2 106. During this time, the internet telephone 70
is the load device, which is shown drawing an output current
96 at the level shown as 112. For a discharge time T, 120
from T1 98 to T2 100, the DC output falls fairly linearly
from time T1 98 until time T2 100. Thereafter, the rate of
voltage drop per unit time is much smaller, and represents
the typical discharge characteristic of a rechargeable battery,
until time T3, when the test is terminated by deasserting
BAT_TEST__L 90, causing the deassertion of BAT ON_ L
92. The proper measurement of Td 120 formed by the
difference between T2 and T3, and Vd 118 formed by the
difference between V2 106 and V3 108 is essential for the
accurate determination of reserve capacity. Time T2 may be
found by taking the first derivative of V1 94 with respect to
time, and finding the point T2 where this derivative encoun-
ters a large change in value, as can be seen from the change
in slope at T2 in FIG. 5. Therefore, one measurement of T2
would be point in time where the first derivative of V1 94
with respect to time changes to % or less of its former value.

FIG. 6 shows the measured reserve capacity of a battery
versus Vd and Td. In this example, the known characteristics
of battery model number HC1221W manufactured by CSB
Battery Technology of San Diego, Calif. are shown, and if
a measurement of Vd were 3.8V, or if Td was 14 ms, it could
be determined that the battery had a reserve capacity of 80%.

FIG. 7 shows the battery manufacturer’s published graphs
of reserve capacity versus number of discharge cycles and
the depth of discharge referenced to a full charge. For
example, curve 130 shows that after 200 cycles of 100%
discharge, the reserve capacity of a fully charged battery
would be 50% of a new fully charged battery. If 1200
discharge cycles of 30% of full discharge were applied,
curve 134 would indicate 50% reduction in reserve capacity.
These values are used as examples for understanding the
curves of FIG. 7. Generally, the criteria for battery replace-
ment in mission-critical systems such as IT equipment is
70%—-80% of reserve capacity.

FIGS. 8a and 8b show the flowchart used by the controller
70 for determining the reserve charge of battery 24. For
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clarity in understanding the operation of the program, upper
case letters are used to indicate a fixed value or signal name,
such as the value NEVER TEST, or the signal BAT _
TEST L. Mixed upper and lower case are used to indicate
variables, such as Status or Dis_ Time. When a new battery
is installed in the unit, the program is entered at New__
Battery_ Entry 140. At the time of New_ Battery_ Entry, an
exemplar set of values related to the reserve capacity of the
battery, the battery life characteristics as determined by the
depth of discharge and the number of such discharges, as
well as the reserve capacity threshold and the discharge
depth and discharge cycle threshold to determine a bad
battery are entered in the NVRAM. These values may be
initialized from information stored locally, or they may be
loaded from the internet link 75 described earlier using any
of the many internet download protocols which could be
used, such as TFTP. The NVRAM contents are initialized
144, including the battery usage history. This is a special
initialization that only occurs when the battery is replaced,
and the history of battery measurements and prior use of the
old battery is discarded. All other power-up reset events are
handled by Pwr_up_reset_entry 142. Upon entry from
either Init NVRAM 144, Pwr_ Up_Reset Entry 142, or
Loop 143, the Test__Interval timer is started in step 146. This
timer is used to gate the period of battery testing. At step
147, the Status is examined to see if the value NEVER__
TEST has been assigned in another part of the program,
indicating the battery failed a test and should never be tested
until the battery is replaced. If so, further battery testing is
suspended, and a battery replacement message is sent via the
internet link 75, and the value of Status and Test_ Interval
are both set to NEVER_TEST in step 178. The internet
message may be periodically sent until the battery is
replaced in step 183, and the program advances to New__
Battery_ Entry 140 at the top of FIG. 8a. If the status of step
147 is not NEVER__TEST, then BAT ON__L is checked in
step 152 to see if the mains power have failed. If BAT
ON__L is asserted, then the unit is currently running from
battery power 154, and the battery charge test should not be
performed, but the duration of battery operation should be
measured. Step 156 sets variable Dis_ Time=0, indicating
the start of the discharge time measurement step. Each
minute, Dis_ Time is incremented in loop 162, until BAT
ON__L is no longer asserted, whereafter a bin associated
with that particular discharge time is incremented. The
number of discharge bins may be varied, but for the simple
example illustrated in FIG. 7, a first bin containing complete
discharges would indicate the number of 100% discharges,
and a second bin could indicate the number of 50%
discharges, and a third bin could indicate the number of 30%
discharges, and so on. Periodically, each bin is tallied in step
182 to determine if the number of discharges has reduced the
reserve capacity of the battery below a given rate, and if so,
the replace battery message and NEVER TEST variables
would be set in step 178. Otherwise, the tally is incremented
in step 168 until the reserve capacity profile as detailed in
FIG. 7 is exceeded. The reserve capacity of the battery is
examined by debiting the battery life against each instance
of discharge at a particular depth in step 168. For example,
FIG. 7 shows that 100 discharges of 100% followed by 200
discharges of 50% would leave the battery with about 70%
reserve capacity after the battery was fully charged. The
finding of insufficient reserve capacity results in step 178,
which sends the battery replacement message and prevents
further testing, as described earlier. In step 152, if the unit is
not currently operating on battery power, the Test_ Interval
timer is tested in step 158, which returns to step 152 if the
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timer is not expired, or begins the battery test by checking
if Status=Test in step 148. If Status=Test at this point, the
battery failed at some time during the previous test, and the
program goes to the replace battery steps 178 and 183, as
described earlier. The final check before performing the
battery reserve capacity test is to see if the internet telephone
is in use in step 161. If the phone is in use in step 161, the
Status flag is set to COMPLETE, and the Test Interval time
is set to 1 minute to enable testing when the phone is no
longer in use. In practice, the Test Interval time is set to
match a desired profile of testing to ensure that battery
testing does not interfere with telephone use, and the net-
work link 75 is used to communicate this information from
a remote telephone server monitoring this activity and the
local IT. This link 75 is typically an internet link. In the
present example, 1 minute was chosen to illustrate the
response of the program to telephone usage before a battery
test. If the telephone continues to be in use for a long interval
of time, step 171 is executed rather than the test, with the
Test Interval set to a point in the future. When the tele-
phone is found to not be in use in step 161, the reserve
charge test begins in step 160. Status is set to TEST in step
160, which enables the future detection of a catastrophic
failure during a previous test. An example of such a failure
would be the loss of both battery and mains power during a
reserve capacity test. When the mains power returned, the
telephone would initialize, and Status=TEST in step 148
would indicate that the previous test failed before
completion, and Status would be set to NEVER TEST to
prevent further testing, as was described earlier. The Test
Len timer of step 160 is set to indicate how long the test
should run, and the signal BAT TEST L is asserted,
requesting that the charger furnish battery power. If BAT
ON_ L is not asserted in step 166, this indicates that the
battery is unable to furnish enough charge to initiate a test.
This exits to the replace battery message 178 of FIG. 8a.
Otherwise, the battery test continues with the measurement
of Vd and Id by step 169, which acquires data from
converters 76 and 78 at periodic intervals, until the Test
Length timer expires 170, indicating the end of the test.
During the acquisition time 169, samples of V and I are
taken, as was described in FIG. 5. After the Test_ Length
timer 170 has expired, the values of Td and Vd are extracted.
As was described in FIG. 6, these values may be used to
extract a Reserve_Capacity(Td), which is determined from
the time of discharge, and a Reserve Capacity(Vd), which
is determined from the voltage drop value. The variable
Status is set to COMPLETE in step 176, indicating that the
battery test properly completed, and then the Reserve
Capacity level is determined in step 180. As was described
earlier, this may rely on any of the following individually, or
in combination:

Reserve _capacity(dis) calculated from number of dis-

charges at a particular depth, as described in FIG. 7;

Reserve__capacity(Td) calculated from the time of dis-

charge 120 as shown in FIG. §;

Reserve__capacity(Vd) calculated from voltage drop

characteristic 118 as shown in FIG. 5.

There are 5 methods disclosed for estimating Reserve__
Capacity. In addition to the 3 listed above, there is also the
“failed to complete test” of 148, or “failed during test” of
166, and the DIS_ TIME method of FIG. 7 and step 182.
Using these 5 methods together, it is unlikely that they will
all trigger at exactly the same time, since they are measuring
different parameters related to the desired estimated value
Reserve_Capacity. Therefore, the algorithm may chose to
handle each of these methods depending on the criticality of
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usage. The most conservative metric would be to send the
“replace battery message” of 178 upon any metric indicating
Recerve_ Capacity below a given threshold, and the thresh-
old may be varied for each of the methods. In the best mode
of the present invention, the threshold is set to 70%, and any
of the 5 methods which produces an estimated Reserve
Capacity below this 70% threshold is sufficient to send the
“replace battery” message over internet or network link 75.
It is clear to one skilled in the art that these methods could
be used in parallel in a minority or majority voting scheme
whereby 2 or more methods, each with its own threshold,
could be combined to require the sending of the “replace
battery” message of 178. Any of these alternate methods
could be used to produce the invention disclosed herein.
Furthermore, while the description of FIG. 8 shows the tests
being conducted in a particular order for the purpose of
description, it is clear that the order and types of tests could
be changed without changing the invention described herein.
Similarly, FIG. 3 shows an arrangement of elements, some
of which are part of a controller, and some of which are part
of a power supply. This distinction is drawn only for the
purposes of example, and it is clear to one skilled in the art
that the elements of FIG. 3 could be rearranged in arbitrary
ways, or placed in a single enclosure and still practice the
present invention. Likewise, the FIGS. 4a and 4b are
intended to disclose a specific multiplexer and controller,
rather than suggest that these specific multiplexers and
controllers must be used, as the design of alternative mul-
tiplexers and controllers is also clear to one skilled in the art.

The use of the internet link 75 is an essential part of the
invention, as this link may be used to send battery replace-
ment messages, receive battery discharge characteristics
from a server or other system, send battery capacity
measurements, receive information on telephone usage to
set the Test Interval dynamically based on actual usage
patterns for the telephone, or to download a new algorithm
for testing. Each of these may be performed in a distributed
server or single-point server manner as is commonly prac-
ticed in modern internet communications, whereby the
information related to the transmission and reception of
information related to the operation of the internet
telephone, as described in this specification, may by stored
in a single or plurality of network servers. It is understood
by one skilled in the art that the information stored in these
servers may relate to individual telephone usage parameters,
battery replacement parameters, the algorithm for testing
batteries, or the entire algorithm for operation of the IT.
These programs or algorithms may be executed from one or
more servers, or downloaded to the IT for execution within
the IT.

I claim:

1. An uninterruptable power supply (UPS) producing a
DC output coupled to a load having a controller, said power
supply comprising:

a mains-derived power converter having an AC input
connected to a mains voltage, and a converter DC
output,

a battery having a battery voltage;

a multiplexer having a battery input coupled to said
battery voltage, a converter input coupled to said con-
verter DC output, a battery test input, a battery active
output, and a multiplexer output which is coupled to
said battery input when said battery test input is
asserted and said battery input exceeds a first voltage
threshold, and said multiplexer output is coupled to
said converter input at all other times, said battery
active asserted when said multiplexer output is select-
ing said battery;
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said load coupled to said multiplexer output, said load
controller having a battery test output coupled to said
multiplexer battery test input, and said load controller
having a battery active input coupled to said multi-
plexer battery active output.
2. The UPS of claim 1 wherein said battery is of the
rechargeable type.
3. The UPS of claim 1 wherein said battery charger circuit
comprises a resistor connected between said battery and said
multiplexer output.
4. The UPS of claim 1 wherein said multiplexer com-
prises:
a switch having said battery input, said converter input,
and said multiplexer output, said switch controlled by
a select input;

said select input and said battery active output formed by
gating said battery test with a comparison result formed
by comparing said battery voltage to said first voltage
threshold.

5. The UPS of claim 1 wherein said load controller
includes:

said battery test output;

said battery active input;

non-volatile storage;

a first A/D converter coupled to said multiplexer DC

output;

a second A/D converter coupled to a measurement of the

current consumed by said load;

an optional network link to an external network.

6. The controller of claim 1 wherein said battery test
signal is BAT TEST_ L.

7. The controller of claim 1 wherein said battery active
signal is BAT ON_ L.

8. The controller of claim 5 wherein said non-volatile
storage includes a Status variable, said Status variable set to
TEST at the beginning of a load test, and set to COMPLETE
at the completion of a load test.

9. The controller of claim 8 wherein said non-volatile
storage includes a Test Interval timer, said timer set to
regulate the interval between testing said battery for
Reserve__Capacity.

10. The controller of claim 9 wherein said Test Interval
timer enables testing during times of minimum telephone
usage according to locally stored information.

11. The controller of claim 9 wherein said controller
network link is used to send usage information to an external
server, said server responding to said usage information by
sending information which updates said Test_ Interval timer
to enable testing during times of minimum telephone usage
according to information sent from a network server.

12. The controller of claim 8 wherein said first A/D
controller samples said battery voltage from a first point
when said battery active is enabled until a second point.

13. The controller of claim 12 wherein said second point
is determined by a change in the slope of said voltage
samples with respect to time, where said A/D controller
samples are uniformly spaced in time.

14. The controller of claim 13 wherein said second point
is determined by measuring a ratio of slopes of said voltage
with respect to time before said second point to the slope of
said voltage with respect to time after said second point, said
ratio greater than 2.

15. The controller of claim 14 wherein the reserve charge
of said battery is estimated by subtracting said battery
voltage from said second point from said battery voltage at
said first point and comparing this result to a battery dis-
charge characteristic stored in said non-volatile memory.
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16. The controller of claim 14 wherein the reserve charge
of said battery is estimated by subtracting said second point
from said first point and comparing this result to a battery
discharge characteristic stored in said non-volatile memory.

17. The controller of claim 14 wherein the reserve charge
of said battery is estimated by measuring the current drawn
by said load when said battery active is asserted, computing
a depth of discharge from said current measurement and said
duration of discharge, and storing the number of incidences
of said discharges according to said duration.

18. The controller of claim 16 wherein said Reserve__
Capacity is computed by examining said duration of
discharge, said depth of discharge, and the number of said
discharges at each discharge depth.

19. A method for measuring the reserve capacity in a
battery, said method comprising the steps:

providing a trickle charge to said battery until a first point
in time;

providing a load across said battery and measuring the
voltage of said battery until the first derivative of
voltage versus time falls to % or less of its initial value,
such time denoting a second point in time, said differ-
ence in time between said second point in time and said
first point in time forming a discharge time;

comparing said measured discharge time with a known
characteristic of said discharge time versus reserve
charge and producing said reserve charge.

20. A method for measuring the reserve capacity in a

battery, said method comprising the steps:

providing a trickle charge to said battery until a first point
in time;

providing a load across said battery and measuring the
voltage of said battery until the first derivative of said
battery voltage versus time changes to % or less of its
initial value, such time denoting a second point in time,
said second point in time having a second battery
voltage, the difference between said second battery
voltage and said initial battery voltage forming a dis-
charge voltage change;

comparing said measured discharge voltage change with
a known characteristic of said discharge voltage change
versus reserve charge.

21. A method for estimating the reserve capacity of a

battery comprising the steps:

initializing a non-volatile variable State to TEST;

performing a battery test on an internal battery using said
measurement device as said load;

setting said variable State to COMPLETE when finished;

checking to see if said Status is TEST when said test is not
being performed, and sending a replace battery mes-
sage over a network link when said Status is found to
be TEST.

22. An internet telephone comprising:

a power supply having a mains input and a dc output;

a rechargeable battery;

a multiplexer having a power supply input coupled to said
dc output, a battery input coupled to said rechargeable
battery, and a multiplexer output coupled to a load, said
multiplexer including a battery test input for connecting
said battery to said multiplexer output, said multiplexer
including a battery enable output for indicating when
said battery input is coupled to said multiplexer output,
said multiplexer connecting said battery input to said
multiplexer output only when said battery test input is
active and said battery is determined to be capable of
operating said load;



US 6,624,635 B1

11

said load including a controller having a network link,
said link sending usage patterns of said internet tele-
phone to a remote power server,

said remote power server monitoring said usage patterns
of a plurality of internet telephones, and sending bat-
tery test information to each said internet telephone.
23. The internet telephone of claim 22 wherein said
controller receives characteristics of said battery from said
power server.
24. The internet telephone of claim 22 wherein said
controller receives a battery test time from said remote
power server.
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25. The internet telephone of claim 24 wherein said
battery test time is determined by said remote power con-
troller based on previous patterns of minimum internet
telephone usage.

26. The internet telephone of claim 22 wherein said
controller sends a replace battery message to said remote
power controller.

27. The internet telephone of claim 22 wherein said
remote power controller stores measurement data collected
by said load controller.

#* #* #* #* #*



