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Field of the Invention

This invention relates generally to radio-telephones, and more

Ut

particularly to a portable telephone that can accommodate a power
source change during a telephone call on a Global System for Mobile

Communications platform.

Background of the Invention

Portable telephones currently use batteries as their main power

10 source. For example, cellular telephones use an attached or internal
portable battery, and transportable telephones, sometimes called bag-
phones, use a portable battery. Adapters, such as battery eliminator
adapters, hands-free adapters, or mobile transceiver adapters, can be
connected to a vehicle cigarette lighter to provide an external power

15 source for augmenting the main battery. Switching from the main
battery to the external power source and vice versa interrupts the power
supply to the telephone and may cause termination of a cellular
telephone call in process under certain conditions. For example, Global
System for Mobile Communications (GSM) applications incorporate a

20  burst mode that pulls 1.6 A or more during a burst. If the cellular
telephone power supply is changed during a GSM burst, a telephone call
in process may be terminated abruptly due to a failure to complete the
power source switch-over during a limited switching period.

The switching period can be lengthened by using a capacitor as a
25  charge storage device. Currently, a large 3300 pF capacitor with

dimensions of 48 mm by 12 mm stores a charge during the switch-over.



phones, use a portable battery. Adapters, such as battery elim nator
adapters, hands-free adapters, or nobile transceiver adapters, can be
connected to a vehicle cigarette lighter to provide an external power 15
source for augnmenting the nmain battery. Switching fromthe main

battery to the external power source andyvice versa interrupts the power
supply to the tel ephone and nmay cause term nation of a cellular

t el ephone call in process under certain conditions. For exanple, d obal
System for Mol sy fasraueleptbhed fedudeNh 980 H@déden mdo@g@fa@mcgaé arde20
burst node that pulls 1.6"A or nore during a burst. If the cellular

t el ephone poweapasifoplintd 8 telaphgeel ifundesjraplGSinim there ia a aeashforree cal |

' ' d | f i | | h

pover Sour co. EGRABIE UG G A A S P g s PR g 4 1y

swi tching per i K&%Bﬁlkﬁﬂ%x&%gﬁi %gqh@% pagi tor as a 25 charge
err

st orage devi ce. rrently, a lardge 3 [ capacitor with

di rensions of 48 mmby 12 mm stores a charge during the sw tch-over.

2 Ag portabl e tel ephong ' ' , I ncorporating a

| ar ge capacitor into a te & Thus, there is a need

for a

FIG. 1 shows prior art switching circuit.

FIG. 2 shows a graph of voltage at terminals A, B, and B+ during
a power source substitution.

FIG. 3 shows a power source switching circuit according to a

10  preferred embodiment.

Detailed Description of the Invention

A switching circuit enables a portable telephone to change from a

main battery power source to an external power source, such as a
vehicle battery, and vice versa during a telephone call without a risk of

15  forced call termination. A switching circuit drives a field-effect
transistor (FET) to switch immediately to a second power source before
the voltage at a first power source terminal drops below the minimum
supply voltage required to keep the telephone turned on. Thus, this
switching circuit enables the telephone to switch between various

20  power sources without dropping a call in progress. Switching from a
main portable battery to an external power source occurs most often
when a portable telephone is connected to an adapter such as a battery-
eliminator adapter, hands-free adapter, or mobile transceiver adapter,
which is in turned powered by a vehicle battery. Switching from an

25  external power source to a main portable battery occurs most often
when the vehicle ignition is switched off. Incorporating this switching

circuit into a portable telephone eliminates the need for a large capacitor



portabl e tel ephone that accommbdates a power source change during a

t el ephone call without requiring a | arge capacitor. 5

Brief Description of the Draw ngs FIG 1 shows prior art
switching circuit. FIG 2 shows a graph of voltage at termnals
A, B, and B+ during a power sourceasubstitution. FIG 3
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the gate of FET Q1 with pull-down resistor R1. Diode D1, which is

preferably a Schottky diode, connects terminal B to power input
terminal B+. When external power is available at terminal B, the

10 voliage of the external power source is greater than the voltage of the
main battery power source, therefore the gate of FET Q1 is high and
power from the external power source is supplied to the telephone.

When external power is removed from terminal B, the voltage at

the gate of FET Q1 drops and main battery power at terminal A is

15 connected to the telephone power input terminal B+ once the gate of
FET Q1 drops below the FET gate threshold voltage. The time it takes for
the gate of FET Q1 to go low is determined by the amount of time it
takes to discharge the inherent capacitance in the FET through resistor
R1. This switch must take place before capacitor C, fully discharges

20 through load resistor R,. If the voltage at input terminal B+ drops below
a threshold voltage, the telephone will turn off and any call in progress
will be dropped. Thus, if the charge stored in capacitor C, is not large
enough at the time of the switch-over, the FET will not switch during
the short capacitor discharge period, and a telephone call in progress

25  will be dropped. This occurs most commonly when the power sources
are exchanged during a GSM burst.

FIG. 2 shows a graph of voltage at terminals A, B, and B+ during

a power source substitution. Plot 21 shows the voltage at power input
terminal B+ during a GSM burst 211 lasting approximately 550 psec. Plot

30 22 shows the voltage at external power source terminal B, which in this

example is the first power source. Plot 23 shows the voltage at main



when a portable tel ephone is connected to an adapter such as a battery-

el i m nat or adapter, hands-free adapter, or nobile transcei ver adapter,
which is in turned powered by a vehicle battery. Switching froman 25
external power source to a main portable battery occurs nost often

when the vehicle ignition is switched offy Incorporating this swtching
circuit into a portable tel ephone elimnates the need for a | arge capacitor

3 as a charge storage device, which reduces the size and weight of
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voltage is shown at 2.85 volts, thus a call in progress would terminate at
point 25.
Increasing the capacitance of capacitor C; provides additional

10 charge at input terminal B+ during a power source exchange and
increases the time available for FET Q1 to perform a switch, however,
the physical size of the capacitor required to ensure that a call is not
dropped during a power source exchange during a GSM burst is
undesirably large.

15 FIG. 3 shows a power source switch according to a preferred
embodiment. Switching circuit 30 eliminates the need for a bulky high-
capacitance capacitor to prohibit the undesired turn-off of a telephone
during a power source substitution. The voltage at node W is supplied
from a linear regulator powered from input terminal B+. Resistors R2

20  and R3 are chosen so that the voltage at node X is preferably at least the
minimum supply voltage of the telephone. The voltage at node Y
would then be approximately 0.7 volts above the voltage at node X.
When the voltage. at terminal B drops below the threshold voltage at
node Y, transistor Q2 turns off and transistor Q3 turns on, connecting

25  the gate of FET Q1 to ground or any other voltage below the gate
threshold voltage of FET Q1. Thus, switching circuit 30 forces the FET

Q1 to switch over at a faster rate and eliminates the need for a large
capacitance at capacitor C,. With a 20 uF capacitor C,, the FET Q1 has

approximately 11.4 psec to switch from the first power source to the

30  second power source, which is more then enough time to complete the

switch-over given switching circuit 30. Conversely, when the external



power fromthe external power source is supplied to the tel ephone.
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to di scharge the inherent capacitance in the FET through resistor R1
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2.65 volts, the minimum threshold voltage at node Y is 3.05 volts. Thus,
10 the switching circuit 30 eliminates the voltage drop point 25 shown in
FIG. 2.

Thus, the switching circuit 30 prevents the telephone from
disconnecting a call in progress even if the power source is changed
during a GSM burst. The external power source to main battery power

15  source switch eliminates the need for a large capacitor yet maintains
cellular telephone calls in progress during a power source substitution.
While specific components and features of the switching circuit are
described above, modified components or features could be employed by
one skilled in the art within the true spirit and scope of the present

20  invention. The invention should be limited only by the appended

claims.
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switchably connecting either the first power source terminal or the
second power source terminal to the portable telephone power input
terminal; and
10 a circuit for switching a gate of the field-effect transistor below the
gate threshold voltage when a voltage at the first power source terminal
falls to a threshold voltage that is at least equal to the minimum supply

voltage.

2. A power source switching circuit according to claim 1 wherein a
15  first power source connected to the first power source terminal is an

external power source.

3. A power source switching circuit according to claim 1 wherein a
second power source connected to the second power source terminal is a

portable battery.

20 4. A power source switching circuit according to claim 1 wherein
the circuit switches the gate of the field-effect transistor above the gate
threshold voltage when a voltage at the first power source terminal

rises to the threshold voltage.
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7. A power source switching circuit according to claim 1 wherein

the circuit comprises:
a first transistor having a predetermined gate voltage connected
10 to the first power source terminal; and
a second fransistor having a gate connected to a drain of the first

transistor.

8. A power source switching circuit according to claim 7 wherein
the predetermined gate voltage of the first transistor is at least equal to

15  the minimum supply voltage.

9. A power source switching circuit according to claim 1 further
comprising a diode connected to the first power source terminal and the

portable telephone power input terminal.

10. A power source switching circuit according to claim 9 wherein
20  the threshold voltage is at least equal to the minimum supply voltage
plus a diode drop voltage across the diode.
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10 the switching circuit 30 elimnates the voltage drop point 25 shown in

FIG 2. Thus, the switching circuit 30 prevents the tel ephone
from di sconnecting a call in progress even if the power source is
changed during a GSM burst. The external power source to main battery
power 15 source switch elimnates the geed for a |arge capacitor yet

mai nt ai ns cellular tel ephone calls in progress during a power source
substitution. Whi |l e specific conponents and features of the swtching
circuit are descri bed above, nodified conponents or features could be
enpl oyed by one skilled in the art within the true spirit and scope
of the present 20 I nVentEXTERNALPOWER SOURCEHTOI mted only by the
appended cl ai ns. 6
CLAI M5 Ve cl aiMAIN BATTERY POWER SOURCE SWITCH

Abstract of the Disclosure

A switching circuit (30) in a portable telephone connects a gate of
a field-effect transistor (Q1) to a voltage below the transistor’s gate
threshold voltage when the voltage at a first power source terminal (B)
falls below a threshold voltage, thus disconnecting the first power
5  source terminal (B) from a portable telephone power input terminal
(B+) and connecting a second power source terminal (A) to the power
input terminal {(B+). The threshold voltage is set at a voltage above the
minimum supply voltage of the portable telephone. The first power
source terminal may be connected to a main battery and the second
10 power source terminal may be connected to an adapter such as a battery
eliminator adapter, hands-free adapter, or mobile transceiver adapter.
This switching circuit prevents a call in progress from being

disconnected when power sources are exchanged during a GSM burst.

15 Figure 3 accompanies this abstract.



1. A power source switching circuit for a portable tel ephone having

a mni num supply vol tage conpri sing: a first power source
term nal ; a second power source termnal; 5 a portable
t el ephone power input termnal; a field-effect transistor

having a gate threshold voltage for 1//’§yﬁtchably connecting either the
first power source termnal or the second power source termnal to

t he portabl e tel ephone power input term nalR and 10 a
circuit for swtching a gate of the field-effect Yransistor bel ow the

gate threshol d voltage whgn a voltage at th wer aPurce term na

falls to a threshold volt@age that is at | edst eq m ni mum suppl y
vol t age. 2. A power source sw tLhing_cilfcuift Rccording to claiml
wherein a 15 first powef source connected t e f¢Hsty power source
termnal is an extefnal p I SsourjCe: SZ A power source
swtching circuit accordifpg to iml ere= n*a sgcond power source
connected to the second ppwer s ce terynpgl is portabl e battery.

20 4, A power sourcejswitching circWNt*accor claim1l1 wherein
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the cifcuit switches the gate of the field-effect transistor above the gate
t hreshol d voltage when a voltage at the first power source term na
rises to the threshold voltage.

7 5. A power source switching circuit according to claim4 wherein
a first power source connected to the first power source termnal is
an ext ernal power source. 5 26//2 A power source sw tching
circuit according to claim4 wherein a second power source connected
to the second power source term nal is a portable battery. 7.
A power source switching circuit according to claim1l wherein 10 t he
circuit conprises: a first transistor having a predeterm ned
base-em tter junction potential connected to the first power urce
termnal; and Cﬁs

Q
N

3
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a second transistor having a base connected to a collector of the
first transistor. 15 8. A power source sw tching ci rcuit accordlng
to claim7 wherein the predeterm ned base-emtter j unct'P&a"pot-&nt i a
of the first transistor i s at Ieas} equal to the m nimum supply
vol t age. 20 9. A power source swit'ching circuit according to claiml
further conprising a diode connected to the first power source

terminal and the ﬁo“%?réoﬁpé§ ﬁémnggneuﬁ%ﬁa (i ol Wlerein 2 10

A power source 'switc SOPCt £acco erein
t hreshol d vol tfacgtepoweab;oh&mbommmdad tto thbeﬂrei powemssupgd Yemuhalaigean

pl us a di ode derx?gm\é?;laév%g?s&?rrcg.ss t he di ode.

5 6. A power source switching circuit according to claim 4 wherein a
second power source connected to the second power source terminal
is a portable battery.

7. A power source switching circuit according to claim 1 wherein
10  the circuit comprises:
a first transistor having a predetermined base-emitter junction
potential connected to the first power source terminal; and
a second transistor having a base connected to a coliector of the
first transistor.

15
8. A power source switching circuit according to claim 7 wherein
the predetermined base-emitter junction potential of the first transistor
is at least equal to the minimum supply voltage.

20 Q. A power source switching circuit according to claim 1 further

comprising a diode connected to the first power source terminal and the
portable telephone power input terminal.

10. A power source switching circuit according to claim 9 wherein
25 the threshold voltage is at least equal to the minimum supply voltage
plus a diode drop voltage across the diode.
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