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the Invention 5 The present invention is-general ]y JesFRIAY: RAgeFower 1© Paged -
adapters, and nore particularly to a method and | imtsis fRAgede¥er 1A PAYSE -
the type of external power adapter and nodifyi ng‘ OAR&GhG(B0: Sdyed acletd pdgeds....

based upon the external 10 power adapter ckg d,f —_
I nvention In a portable, battery-powered device FUC s%%?a '1@%'{@" d nged

cellular tel ephone, an external power input is usually provided so that the
user can operate the deNMEEHODOAND APPARATUS FCR DETEBMININGCh as house

current or a vehicle's power L F batter ower. It
Is also desirable to have a W@A%Qg‘ggﬁi%@%?ﬁgﬂ%% he deviycg for 20

recharging the unit's battery pack, which nay be internal or external to

the device. The device and its intgidglos § tloRdr ger require a power

supply or adapter external to the
5

The present invention is generally related to power
adapters, and more particularly to a method and apparatus
for determining the type of external power adapter and
modifying operating characteristics based upon the extemnal

10 power adapter type. '

Background of the Invention

In a portable, battery-powered device such as a
15 cellular telephone, an external power input is usually
-provided so that the user can operate the device from a
primary source of power such as house current or a vehicle's
power source in order to conserve battery power. It is also
desirable to have a battery charger intemal to the device for |
20 recharging the unit's battery pack, which may be intemal or
extemnal to the device. The device and its intemal battery
charger require a power supply or adapter external to the
device to supply the proper voltage and current needed by
_ the device to charge the internal battery or power the device.
25 Further, there are often a variety of external power
supplies. For example, a high power version may be offered
for fast charging the battery, while a low cost, low power
version may be offered for slow charging the battery.
Because the operation of the intemal charger will differ
30 depending on which extemnal adapter is connected, the
device must sense which type of external power adapter is
present. _
Accordingly, there is a need to provide a means for
detecting the type of external power adapter which is
35 connected to a device, and modify the operation of the

L P
B kY
,‘é I -
¥



A
H

device®o supply the proper voltage and current needed by the device to
charge the internal battery or power the device. 25 Furt her,
there are often a variety of external power supplies. For exanple, a high
power version may be offered for fast charging the battery, while a | ow
cost, |ow power_version may be offered for slow charging the battery.
Because the.opgﬁgpﬁﬁﬁ of the internal chargé?'mﬁll differ 30

dependi ng on which external adapter is connected, the device nust sense
whi ch type of exter apparatugasaifyrctionicf the ¢ypendf pdwepadapigrand here is a

which bs ag o "Bafitnl - Tné RyeigRehds 1o uhmBl spSief ABRIRARRY RO T
CE00931R improved performante wjth alidypes of exteroatpowear of the type of

power adapter and bghbﬁﬁg@_The invention |leads to greater system
flexibility and
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i nproved performance with all types of external power supplies. CEO0931R
-3- Brief Description of the Drawings FIG 1 is a bl.ock diagram of an
apparatus for determ ning external power adapter type according to the 5
present invention. FIG 2 is a flow chart show ng the. operation of a
portabl e devi ce having an external power adapter according to the present

i nvention. 10 GBO®3IB is a flow chart show nd@-the method for determ ning
external power adapter type accordlng to the present invention. 15

FIG 4 is a flow chart show ngg#d¥a)d 2wings chargi ng a portable

‘devi ce havi ng an external

FIG. 1 is a block diagram of an apparatus for
determining external power adapter type according to the
5 present invention.

FIG. 2 is a flow chart showing the operation of a
portable device having an external power adapter according
to the present invention.

10

FIG. 3 is a flow chart showing the method for
determining external power adapter type according to the
present invention.

15 FIG. 4 is a flow chart showing the method for
- powering/chérging a portable device having an extemnal
power adapter according to the present invention.

ripti f ferre iment
20
The present invention provides a method and
apparatus for determining an external power adapter type.
FIG. 1 generally shows a device having an external power
adapter used to provide power to the device, as well as
25 : charging current for a battery which is regulated by the
internal battery charger. A microcontroller in the device
regulates the charging current to the battery. The
microcontroller preferably contains an A/D converter which is
connected to a pull-up resistor internal to the device, and to a
30 pull-down resistor in the extemal power adapter. The power
adapter is essentially a regulated power supply which may
be connected to a primary source of power such as the AC
line, or to a 12 VDC supply in an automotive application.
The external power adapter may be of a high current,
35 high power type capable of fast charging the battery, or
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power adapter according to the present invention. Description of the

Pref erred Enbodi ment 20 The present invention provides a nethod and
apparatus for determ ning an external power adapter type. FIG 1 generally
shows a device having an external power adapter used to provide power to

t he device, as well as 25 charging current for a battery which is
regul ated by tGEOOP3Rer nal battery charger. Adsicrocontroller in the device
regul ates the charging current to the battery. The m crocontroller

preferably contains ﬁ&nﬁ’h@e&oﬁ‘fﬁﬂ 53 oy msﬁmsgmfﬁkangul | -up

resistor internal to the deV|ce wn'resistor in

the external pover SRRFRIGO WPQ&B%MPW SBQ!MFQS the valbequl at ed
power supply which aﬁtheb lPﬁBWﬁQbelétéﬂn&héréMI powee adaptgraver such as

the AC 1T or 1o Behiny e 848l AT R BroL o PROh o, T, (..
capabl e of sfast chairgthegappearatus mayydetermme the optimum charging profile
to use for the battery based upon the charger type and other
information relating to the battery.
Referring specifically to the elements shown in FIG 1,
a portable device 10 has an attached extemnal power adapter
10 12 which is powered by way of line 13. Portable device 10
- also includes a battery 14 which could be either intemal or
external to the portable device. By way of example, the
portable device 10 could a portable cellular telephone having
a transmitter 16 and a receiver 18. However, it will
15 understood that any other device, portable or fixed, adapted
to receive external power could employ the apparatus and
method of the present invention. Transmitter 16 is controlled
by a microcontrolier 20 having an analog-to-digital converter
21. Portable device 10 also includes a battery charger 22.
20 Transmitter 16, receiver 18, and battery charger 22 are all
powered by a line 24 from external adapter 12.

Generally, battery 14 will include a sensing element
such as a resistor, thermistor, open circuit, short circuit or
other element which may provide auxillary sensing capability.

25 Operationally, batteries of different types exhibit different “end
of life" voltage characteristics and effective series resistances.
Since different types of batteries can be interchangeably
used to provide power for the same equipment (i.e. for a
Cellular Portable Telephone), knowledge of the type of
30 battery may be useful to the equipment in establishing
operating parameters such as transmitter output power or a
“low battery* warning condition. Battery types that can be
charged should be charged at differing rates and with
. differing conditions. Also, non-rechargeable battery types
.35 should.not be subjected to recharging attempts.
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CEO0931R -4- alternatively, it my be of a | ow
current type which is only capable of slow charging the battery. By

changi ng the value of the pull-down resistor in the external power adapter
to identify the external power adapter type, the mcrocontroller 5

in the apparatus may determ ne the optimumcharging profile to use for the
battery based &F0PP3Re charger type and otherS-<information relating to the
battery. Referring specifically to the el ements shown in FIG 1, a portable

devi ce 10 has an attachemwta igebatiély char%er\m&“dml chis

db fol 13. d 1 bat t 14
\mrﬁaecou?’dmﬁg glthlé'%%ﬁﬁf%?ﬁgrﬁﬁﬁw WPFS\rfﬁéﬁMg‘Mé#éPfhlﬁ @iﬁa |2e eng way

of exanple, the portcliﬂrge@avalge cliirent) and she typeshofechargb Womtrolss| ephone
et sou Trar bl cbrahE it 1 palBARB, BRI R  ccer v
external pdrer coul dlevigs to/automatinally aecegnize the battery type which is to
be charged and adapt its charging parameters accordingly.
Applicants herein incorporate by reference U.S. Patent No.
5,164,652 entitied "Method and Apparatus for Determining
Battery Type and Modifying Operating Characteristics”,

10. invented by Robert M. Johnson and Michael P. Metroka and
assigned to Motorola, Inc. assignees of the present invention.
U.S. Patent No. 5,164,652 describes a battery type detector
for battery-using and battery-charging equipment.

The 5,164,652 patent also discloses modifying
15 operational characteristics of the equipment in accordance
. with the battery-type detected. A battery sense line 26 and a
voltage sense line 28 coupled from the battery to
microcontroller 20 provide the necessary information to
optimize battery charging according to U.S. Patent No.

20 5,164,652. Microcontrolier 20 contains predetermined
information about the battery type and will establish the rate
and type of charge controls to provide an optimum rate of
charge for a rechargeable battery while not charging a non-
chargeable battery type. The microprocessor recalls from its

25 internal memory the charging characteristics of the particular

' battery type. The battery terminal voltage is sensed by
conventional voltage detection techniques and input to
microprocessor 20 where it is compared with the battery
terminal voltage charge characteristic curve recalled from

30 storage. The appropriate amount of current is allowed to
enter the battery terminals as determined by microprocessor
and the external power adapter.

An external power sense line 30 is coupled from
]  external power adapter 12 to portable device 10 at
35 microcontroller 20. Portable device 10 includes a pull-up
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met hod of the present invention. Transmtter 16 is controlled by a

m crocontroll er 20 having an anal og-to-digital converter 21. Portable
device 10 also includes a battery charger 22. 20 Transmitter 16,
recei ver 18, and battery charger 22 are all powered by a line 24 from
external adapter 12. Generally, battery 14 will include a sensing el enent
such as a resi CEWP3IR hermi stor, open circuité-short circuit or other

el ement which may provide auxiliary sensing capability. 25

oIt b, Epar hot o) S4B 0 Sl R VST sdhe R0, < O |1
t ypesgof batteries ; i"’En"i‘/ ?ﬁ@?@i&ﬁ&@&tﬁ‘{ﬁg‘g@%&ft“&aﬂaﬁ%adg 'EGRE’P for the
sanme equi pnent (i . eresistor MQ@#&Hmcﬁontrehbtbr)MhWhMSO couplécetbge of the
P 1 ng par e or XY A G 0 R pEIGERERor 52 0
war ni ng cofBdition. Peli«demwn tesistor Bﬂdonnmv@ltagmdwm networki whichchar ged at
bat t or ;“?yLZ‘Le?,Sa“"g&:iﬁ*ﬁé B itagi® 1BRE OIS 1Pl el e et s
In the preferred embodiment, the device is compatible
with older power supplies which do not contain a type
10 detection resistor. Older power supplies do not contain the
necessary voltage tracking circuit, or may not provide
sufficient voitage to charge the attached battery under all
conditions. The device may determine that an older power
supply is connected by recognizing the lack of a type
15 detection resistor. In this case, the input to A/D circuit 21 is
- pulled to +V by pull-up resistor 32, and thus the
microcontroller is able to detect the lack of pull-down resistor
34 in the external adapter. Thus, the microcontroller may
disable the internal charger to prevent charging with older
20 power supplies.
As shown in the following Tabie 1, different external
power supplies which could be attached to the device are
listed. Generally, the charger type is listed in the second
column. Also, as shown in the third column, an extemal
25 adapter could be attached to a device which is in a test mode.
The preferred value for resistor 34 is listed in column 4.

Jablel
Charger # | Charger Type Test Mode Resistor Voltage
1 Non Off Open Vi
2 Fast Off 33K V2
3 Slow Off 10K V3
. 4 — On 3.3K Vg
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CEO0931R -5- A portabl e tel ephone having battery
charger which accepts all battery types ideally should adapt the rate of
charge (charge current) and the types of charge controls used in accordance
with the battery type. It is known for a 5 devi-ce to automatically
recogni ze the battery type which is to be charged and adapt its charging
paraneters accGF%pﬁﬁgy. Applicants herein inforporate by reference U. S.

Pat ent No. 5,164,652 entitled "Method and Apparatus for Determning Battery

Type and Modifying 6perating Crofagt eri §t1 cs"Qffl0 i3gEent ed py Robggt
M Johnson angd M chael P. troka and agstgred—to—ibtiorol a, I nc. si gnees

of the present invention. YU S Patent NJ. 5,164,652 describés a battery -
type detector|for battery-uysing and battlery-chargi ng |equi pnent. Th :
5,164, 652 patent al so disclloses modifying 15 . gper at i onal
characteristics of the equipnent in accordance

While five different external power adapters are listed
in Table 1, any number of adapters could be used within the
5 scope of the present invention.
As shown in Table 2, an example of the A/D conversion is
_ shown for a device adapted to receive 5 extemnal powér adapters. The
associated voltage value generated by a resistor 32 (having a value of
10K) and a resistor 34 (hving a value listed in Column 2)is listed in
10 column 3. While the A/D count range and guard band are given by way
of example, other ranges and guard bands could be used. Altematively,
a different number of input devices could be employed and different
resistor values, voltages, A/D count range and guard bands could be

established.
15
Table 2
State Resistor Voltage A/D Count Range Guard Band

1 Open 2.75 0-9 10-31

2 33K 211 | 32-76 77-98

3 10K 137 99-150 151-168

4 3.3K 0.63 169-217 : 218-234

5 3.0K 0.00 235-255 -

While an A/D converter is preferably employed to
determine the type of extemal power adapter, a logic circuit
20 similar to that shown in FIG. 3 of US Patent 5, 164,652, which
is incorporated by reference, could altemnatively be employed
to determine the type of external adapter within the scope of
the present invention.
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with the battery-type detected. A battery sense |line 26 and a voltage sense
line 28 coupled fromthe battery to mcrocontroller 20 provide the
necessary information to optinmze battery charging according to U S. Patent
No. 20 5,164, 652. Mcrocontroller 20 contains predeterm ned

I nformati on about the battery type and will establish the rate and type of
charge control CERA3KR ovi de an opti mumrate of-charge for a rechargeabl e
battery while not charging a non- chargeable battery type. The

mhcr oprocessor refca| I's f TRming liho%E)o FIG. 2, a fib@rdilrt Qig@m!hé bpetﬁli@hg: ng
S o ol S R & pHiaRialser SesPIBE R RS ) nput 1o
m croprocessor 20 whisg présent invamtipnl adfheh tthe ideviceastopeyated ati astepvol t age
char e, charact o o5, Kl oyt el e NREARBS A i, v« o
det er mi nedsby m cr opRodtne @xtamal power adaptesiis prasent.dhe eyuce iSn ext ernal
B 0 ot 1 ne 30 phiver8d By dHe bahBhy 4t §'stép 58°WPan BRMHhaS pdwef © POrtable
adapter is present, the type of adapter is determined at step
54. The method for determining the external battery type will
described in detail in reference to FIG. 3, and can be
10 accomplished by the apparatus of FIG. 1.
Regardiess of whether an external power adapter is
present or not, the battery type is determined at step 56. This
can be accomplished by the apparatus and methods
described in U.S. Patent No. 5,164,652. Finally, at a step 58,
15 the telephone is powered by the battery (or adapter if
. present), or the battery is optimally charged by the adapter, if
present, based upon the type of battery and type of external
power adapter attached to the device. That is, the charging
parameters are modified according to the type of battery and
20 the capability of the charger according to U.S. Patent No.
| 5,164,652. The method for powering/charging a portable
device having an external power adapter according to the
present invention is described in detail in reference to FIG. 4.
Tuming now to FIG. 3, a flow chart shows the method
25 for determining extemal power adapter type according to the
present invention. A voltage divider network is created
between the external power "adapter and the portable device
at a step 62. The voltage divider network can be provided
according to the present invention by coupling a first resistor
30 in the external power adapter to a second resistor in the
portable device, as shown for example in the apparatus of
FIG. 1. At a step 64, a voltage generated by the voltage
divider is provided to a microcontroller or some other control
circuit in the portable device. Preferably, the voltage is then
35 converted to a digital equivalent in an A/D converter in the



35 m crocontrol l er 20. Portable device 10 includes a pull-up
CEO00931R -6- resistor 32 coupled to the external
power sense line 30. Simlarly, external power adapter 12 includes a
pul | -down resistor 34 (type-detection resistor) which is also coupled to
external power sense line 30. The pull-up resistor 32 and the 5
pul | -down resi SEMP3R form a vol tage divi der2network which generates a
vol tage identifying the type of external power adapter In the preferred

enbodi ment, the dthﬁ@rdc%nﬁBﬂaaél@lstb 661 THedgi ItQWvéiﬁbﬁHSQﬁeN\hl ch do not

0 I d
contain 3 type 10 rompg e&&eatvoil&aeﬁgoévw'e ihghe RiTaes iRt Al ™ "'
sufficient voltage stepc68itgeetdrmingd dvd esternal poweradapteatype: owhilei ons. The
device may det er m ngnliahodio gkl BAVBFsiGH RPbetbted i ahaHgMghACOIM 21 Ny

the lack of a type
5 could altematively be compared to values in a look-up table.

Tuming now to FIG. 4, a flow chart shows the method
for powering/charging a portable device having an external
power adapter according to the present invention. At a step
72, if the external adapter is not a charger, the external power

10 adapter will only power the portable device at a step 74. If
the adapter is a charger, the telephone will determine
whether the device is in use at a step 78. For example, with a
portable cellular telephone, it will be determined whether the
telephone is in an “off hook" condition. If the device is in use,

15 the external adapter will only power the device at a step 78.

_However, if the device is not in use, the device will determine

whether the charger is a fast charger or a slow charger at a
step 80. This can be determined according to the apparatus
(FIG. 1) and method (FIG. 3) described above. If the device is

20 not in use and the device is a not a fast charger, the external
adapter will slow charge the battery at step 82. If the device
is not in use and the device is a fast charger, the external
adapter will fast charge the battery at a step 84. However, it
will be understood that a power adapter could charge a

25 battery while powering the devics.

In summary, the present invention provides a method.
and apparatus for determining an external power adapter
type and preferably modifying the charging of the internal
battery based upon the external power adapter type and

30 ‘battery information. The device has an extemal power
adapter used to provide power to the device, as well as
charging current for the battery which is regulated by the
internal battery charger. The power adapter is essentially a

. regulated power supply which may be connected to the AC
35 line, or to 12 VDC supply in an automotive application. The



15 , detection resistor. In this case, the input to ADcircuit 21 is
pulled to +V by pull-up resistor 32, and thus the mcrocontroller is able
to detect the lack of pull-down resistor 34 in the external adapter. Thus,
the mcrocontroller may disable the internal charger to prevent charging

wi th ol der 20 power supplies. As shown in the follow ng Table 1,

di fferent exteCEBA93EwWer supplies which couttdbe attached to the device are
listed. Generally, the charger type is listed in the second colum. Al so,

as shown in the thirg ditvﬂﬂhﬁﬁaweﬁadﬁﬁfe?rrﬁﬁ bé%fan;gh °‘§f‘§‘*t Al ﬁ%grfor

attached to a device 1S 1N
resistor 34 is |istdWPe ﬁawlﬁrﬁt Qs“’h%Q@Ql pac or Charger Type

Test Mbde Resi st @ltematwel'@hﬁ ma9 bb of a low currth)type which is only O f

| \%) € g Sl\%wcapable of slowd.r}argmg the attacmgbattery A V§3§
On 5 3. 3K microcontrollgriin the device regulates the charging current to

-the battery. The microcontroller preferably contains an A/D
converter which is connected to a pull-up resistor intemal to
the device, and to a pull-down resistor in the external power
adapter. The voltage generated by the resistor divider

10 network is used to identify the external power adapter type.
By changing the value of the pull-down resistor in the
external power adapter to identify the external power adapter,
the microcontroller in the apparatus may determine the
optimum charging profile to use for the battery based upon

15 the charger type and other information relating to the battery.



CEO0931R _ -7- 5 O her . O f
3. 0K V5 While five different external power adaptérs are-li-sted..

i,n Table 1, any nunber of adapters could be used within
of the present "invention. As shown in Table 2, an exanpl ym,ml ”&"’”tmﬂmil
conversion is shown for a device adapted to receive 5 extérnal fpowe

adapters. The @®edRat ed voltage val ue genenated by a resistor 32 (having a
val ue of 10K) and a resistor 34 (hving a value listed in Colum 2)is |isted

in 10 colum 3. W‘é@éhe A/ D count range and guard band are given by way
of exanple, other ! and guard bands coul d be used.. Alternatively, a
di fferent nunber of input devices could be enployed and different resistor

Tabl'e s State "™ Rl puibaraRir ddhimGrarb QR AW bedaen o ang
attached to a device, sa% external power aé]apter Bgﬁ'ng a
5 adapted to receive a source of primary power and provide
power to a device, the apparatus comprising:
a resistor network having a first resistor and a second
resistor, said first resistor being disposed within said external
power adapter and operatively coupled to said second
10 resistor disposed within said device, said resistor network
generating a sense voltage associated with said extemal
power adapter; and
a control circuit disposed within said device adapted to
receive said sense voltage to identify said external power
15 adapter. '

2. The apparatus for identifying an external power adapter
according to Claim 1 further including a battery integrally
connected to said device.
20
3. The apparatus for identifying an external power adapter
according to Claim 2 further including a battery charger
disposed within said device, said battery charger being
adapted to receive power from said external power adapter to
25 charge said battery.

4. The apparatus for identifying an external power adapter

according to Claim 3 further including a sense line from said

battery providing a signal identifying the-battery type of said
30 battery. '

5. The apparatus for identifying an external power adapter
according to Claim 4 wherein said control circuit regulates
said charger circuit to charge said battery based upon said
35 external power adapter type and said batterytype. — "~~~

Sheet Has Been Replaced
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1 Open 2.75 0-9 110-31 2
33K 2.11 32-76 77-98.3- - 10K _

1.37 _ 99- 150 151-168 4
169- 217 218-234 5 3. 0K 0. OO\i‘ ‘L‘“ m 55

While an A/D converter is preferably enpl oyed to dete e“'ty e of

external powerCED®3IRer, a logic circuit 20-12- simlar to that shown in
FIG 3 of US Patent 5, 164,652, which is incorporated by reference, could

. alternatively be enployed to determine the type of external adapter within
t he scope of the present I nventi on. CEO0931R - 8-
Turni ng now to FI G 62 An,appatys,ePMPERIGs t he operation of a device having

an external power adapt eanamémdl powep atlhpterradapied tovecrive poweten t he

device is operated at_a st.e e ce of
det er i ned at. ot op ﬁ'omapnnpa sbu}& opﬁgﬁgp an external adapter is

5 a portable device adapted to receive power from said
external power adapter and generate a regulated voltage;

a resistor network having a first resistor and a second
resistor, said first resistor being disposed within said extemal
power adapter and operatively coupled to said second

10 resistor disposed within said portable device and coupled to
said regulated voltage, said resistor network generating a
sense voltage for identifying the type of said external power
adapter; and

a microcontroller disposed within said portable device

15 adapted to receive said sense voltage identifying said type of

. said external power adapter.

7. The apparatus according to Claim 6 further including a
battery integrally connected to said portable device.
20
8. The apparatus for identifying an external power adapter
according to Claim 7 further including a charger circuit
disposed within said device, said charger circuit being
adapted to receive power from said external power adapter to
25 charge said battery.

9. The apparatus for identifying an external power adapter
according to Claim 8 further including a sense line from said
battery providing a signal identifying the battery type of said
30 battery, wherein said control circuit regulates said charger
circuit to charge said battery based upon said charger type
- and said battery type.

10. A method for identifying an external power adapter
35 coupled to a device, said method comprising the steps of:

This Sheet Has Been Reﬂlac
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5 52. If no external power adapter iss present, the device is powered
by the battery at a step 53. |If an external power adapt i Ime
type of adapter is determ ned at step 54. The net hod foﬂ“lmmmvmﬂmu
external battery type will described in detail in referefice®to FI"G 33, *and
can be 10 acconplished by the apparatus of FIG 1. Regardl ess of

whet her an extGBoog#iRpower adapter is presentlder not, the battery type is
determ ned at step 56. This can be acconplished by the apparatus and

met hods described in U OSI:%WFE fiP&:- resisti e@e:l%enfbaﬁhbﬁed%trm #ep 58, 15

the tel ephone is powere battery (or a nt), or the

battery is optimal IW@H@M%}?Q%G%%% f'gﬂﬁ{i‘é%ﬁ!é)reseed upon the

type of battery andpégitiénéd withirefhtrdevieses owmﬂt@regsmadmubno t he devi ce.
That is, the chargi ng Rapamst ers are nodified according to the type of

battery and 20- capability of the charger according to U S. Patent
No. 5, 164,6§52. The net hogetﬂqat@avmxtematlmmrmﬁaptﬂosem uomge ce having an

external power adap S invention is described in
detail in refer enceﬁs%eiﬁé\gﬁ% que;e(?\crer\f‘olﬁrg‘é, &t
identify the external power adapter by the external
power adapter sense voitage.

- \_

Thls Sheet Has B

LT



Turning nowto FIG 3, a flow chart shows the nethod 25 for
determ ni ng external power adapter type according to the present invention.
" A vol tage divider network is created between the external power adapter and
"the portable device at a step 62. The voltage divider network can be

provi ded according to the present invention by coupling a first resistor 30
in the externaﬁﬂ%gﬁﬁk adapter to a second reistor in the portable device,
as shown for exanple in the apparatus of FIG 1. At: a step 64, a voltage

generated by the vol t agMETMOIRAND APRARATUS FOR DETERMINING | er or sone

Chen a5 “converted 1o ARTEANAL EOWER SUPPLY TRPR o Converior in the

CE00931R _ -9- mcrocontroller at a step 66. The
digital conversion is then comam%ﬁ%%up table in the

m crocontroller at a step 68 to al power adapter type.
Wi | e -5 :

In summary, the present invention provides a method
and apparatus for determining an external power supply type
and modifying the charging of the internal battery (14) based
upon the external power supply type and battery information.

10 . The device has an external power adapter (12) used to
provide power to the device (10), as well as charging current
for the battery which is regulated by the internal battery
charger. A microcontrolier (20) in the device (10) regulates
the charging current to the battery (14). The microcontroller

15 (20) preferably contains an A/D converter (21) which is

-connected to a pull-up resistor (32) intemal to the device, and
to a pull-down resistor (34) in the external power adapter
(12). The voltage generated by the resistor divider network
including the pull-up resistor (32) and the pull-down resistor

20 (34) in the external power adapter is used to identify the
external power adapter type. By changing the value of the
pull-down resistor (34) in the external power supply to identify
the external power supply, the microcontroller (20) in the
apparatus may determine the optimum charging profile to use

25 for the battery based upon the charger type and other

" information relating to the battery.
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an analog to digital conversion is preferred, the anal og signal 5

could alternatively be conpared to values in a | ook-up table. Turning now
tto FIG 4, a flow chart shows the nethod for powering/charging a portable
devi ce having an external power adapter according to the present invention.
At a step 72, if the external adapter is not a charger, the external power
10 . adapter will only power the po13db¥e device at a step 74. If the
adapter is a charger, the telephone will determ ne whether the device is in
use at a step 78. For exanple, with a portable cellular telephone, it wll
be determ ned whether the telephone is in an "off hook" condition. If the

device is in use, '5 the external adapter will only power the device
at a step 78. However, if the device is not in use, the device wll
det er m ne whet he ' a slow charger at a step

80. This can be
(FIG 3) descrihb
device is a not
battery at step
charger, the ext

determi ned according to the apparafus (FIG 1) and net hod
ed above the devi CGumae 20 ' not in use and the

: r wll slow charge the
the device is a fast
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adapter will fast charge the battery at a step 84. However, it will be
under st ood that a power adapter could charge a 25 battery while
péwering the device. In summary, the present invention provides a nethod
and apparatus for determ ning an external power adapter type and preferably
modi fyi ng the charging of the internal battery based upon the external

power adapter type and 30 ﬁﬁy(qu I nformati on. The device has an
external power adapter used to provide power to the device, as well as
charging current for the battery which is regulated by the internal battery
charger. The power adapter is essentially a regul ated power supply which
may be connected to the AC 35 - line, or to 12 VDC supply in an

aut onoti ve application. The CEO0931R ' - 10-
external power adapter may be of ‘a high current, high power type capabl e of
fast charging the battery pa or

START

52

IS
EXTERNAL POWER
ADAPTEROPRESENT

NO

DETERMINE EXTERNAL .
POWER ADAPTER TYPE

| %

POWER DEVICE

56'\

VIA BATTERY

" DETERMINE
BATTERY TYPE

POWER DEVICE AND/OR

- CHARGE BATTERY BASED
UPON CHARGER TYPE

AND BATTERY TYPE

FIG.2



-

alternatively, it may be of a low current type which is only capabl e of
sl ow charging the attached battery. A5 m crocontroller in the
deévice regul ates the charging current to the battery. The mcrocontroller
preferably contains an Al D converter which is connected to a pull-up
resistor internal to the device, and to Sa?uk!-domn'resistor in the
external power adapter. The voltage gene ed by the resistor divider 10
network is used to identify the external power adapter type. By changing
the value of the pull-down resistor in the external power adapter to
identify the external power adapter, the mcrocontroller in the apparatus
may determ ne the optimumcharging profile to use for the battery based

upon 15 .the charger type and other information relating to the
battery. 11 Cains 1. An apgsratus for identifying an external power
adapt er . '
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attached to an el ectronic device, said external power adapter for 5
receiving a source of primry power and providing a power input to said

el ectroni c device, the apparatus conprising: a resistor network having a
first resistor and a second resistor, said first resistor being disposed
wi thin said external power adapter ggd g?eratively coupled to said second
resistor 10 disposed within said d Vé , said resistor network generating
a sense vol tage associated with said external power adapter; and a control
circuit disposed within said electronic device adapted to receive said
sense voltage to.identify said external power adapter. 15 2. The
apparatus for identifying aP external power adapter according to Caiml
further including a battery ¢ egra connected to said device. 20 3.
The apparatus for identifying gn $KARTngl power adapter according to C aim
2 further including a battery ches #¥sposed within said device for
receiving a power input fromsaid ekternal power adapter to charge said
battery. : 72
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§5‘ 4. The apparatus for identifying 'an external power adapter according
to CGaim3 further including a sense line fromsaid battery providing a
Signal identifying the battery type of said battery. 30 5. The appar at us
for identifying an external power adapter according to Claim4 wherein said
control circuit regulates said charger circuit to charge said battery based
upon sai d external power adapter type and said battery type. 12 6. An
apparatus conprising: an exterpal power lddapt er adapted to receive a power
input froma primary source of power; a portable device adapted to receive
said power input 5 fromsaid external power adapter and generate a

regul ated vol tage; a nﬁﬁ@ﬁggkﬁggﬁ®§q§§%E§S§€g§ﬂ@ﬂ%@%ﬁ@&? or and a second

. ABSTRACT OF THE D_ISCLOSU'RE

A method and apparatus enables determining an
external power supply type and modifying the charging of the
internal battery (14) based upon the external power supply type
and battery information. The device has an external power
adapter (12) used to provide power to the device (10), as well
as charging current for the battery which is regulated by the
internal battery charger. A microcontroller (20) in the device
(10) regulates the charging current to the battery (14). The
microcontroller (20) preferably contains an A/D converter (21)
which is connected to a resistor (32) internal to the device ,
and to a resistor (34) in the external power adaptor (12). The
voltage generated by the resistors is used to identify the

external power adapter type.
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resistor, said first resistor being disposed within said external power
adapt &r and operatively coupled to said second resistor 10 disposed within
said portabl e device and coupled to said regul ated voltage, said resistor
network generating a sense voltage for identifying the type of said
external power adapter; and a m crocontroller disposed within said portable
devi ce adapted to receive said sense voltage identifying said type of said
15 external power adapter. 7. The appd&ratus according to Caim6 further
including a battery integrally connected to said portable device. 20 8.
The apparatus according to Claim?7 further including a charger circuit

di sposed within said dgﬁwD U &%iIiE?F%%MHE@EF ving sai d power

i nput from said external pov@? e CIonPgTéY S EF battery. 25 9. The

appar at us o tifyi | power adapter according to Claim38
further in%gﬁakﬁg%abgehgg ﬁ?ﬁgibggﬁgsaid battery providing a signa
identifying the battery type of said battery. 30 10. A nethod for
identifying an external ROWREHAAABLA" apBURLEUs enables determining an

external power supply type and modifying the charging of the

internal battery (14) based upon the external power supply type
and battery information. The device has an external power

adapter (12) used to provide power to the device (10), as well
as charging current for the battery which is regulated by the
internal battery charger. A microcontroller (20) in the device
(10) regulates the charging current to the battery (14). The
microcontroller (20)-preferab1y contains an A/D converter (21)
which is connected to a resistor (32) internal to the device ,
and to a resistor (34) in the external power adaptor (12). The
voltage generated by the resistors is used to identify the

external power adapter type.

FIGURE 1
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:tc-) “a device, said nethod conprising the steps of: CEO0931R = 7" —

-13- coupling a first resistive el ement pdsitioned Wlwlmmumwm#w

power adapter to a second resistive elenment position

[

create a resistor divider network; generate an external power "fdapt er
vol t age basedcla%sa ref erence voltage; and identify the external power
adapter by the external power adapter sense voltage. This Sheet Has Be
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1. An apparatus for identifying an external power adapter
attached to an electronic device, said external power adapter for
receiving a source of primary power and providing a power input
to said electronic device, the apparatus comprising:

a resistor network having a first resistor and a second
resistor, said first resistor being disposed within said external
power adapter and operatively coupled to said second resistor
disposed within said device, said resistor network generating a
sense voltage associated with said external power adapter; and

a control circuit disposed within said electronic device
adapted to receive said sense voltage to identify said external
power adapter.

2. The apparatus for identifying an external power adapter
according to Claim 1 further including a battery integrally
connected to said device.

3. The apparatus for identifying an external power adapter
according to Claim 2 further including a battery charger disposed
within said device for receiving a power input from said external
power adapter to charge said battery.

4. The apparatus for identifying an external power adapter
according to Claim 3 further including a sense line from said
battery providing a signal identifying the battery type of said
battery.

5. The apparatus for identifying an external power adapter
according to Claim 4 wherein said control circuit regulates said
charger circuit to charge said battery based upon said external
power adapter type and said battery type.
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6. An apparatus comprising:

an external power adapter adapted to receive a power
input from a primary source of power;

a portable device adapted to receive said power input
from said external power adapter and generate a regulated
voltage;

a resistor network having a first resistor and a second
resistor, said first resistor being disposed within said external
power adapter and operatively coupled to said second resistor
disposed within said portable device and coupled to said regulated
voltage, said resistor network generating a sense voltage for
identifying the type of said external power adapter, and

a microcontroller disposed within said portable device
adapted to receive said sense voltage identifying said type of said
external power adapter.

7. The apparatus according to Claim 6 further including a
battery integrally connected to said portable device.

8. The apparatus according to Claim 7 further including a
charger circuit disposed within said device, said charger circuit
for receiving said power input from said external power adapter
to charge said battery.

9. The apparatus for identifying an external power adapter
according to Claim 8 further including a sense line from said
battery providing a signal identifying the battery type of said
battery.

10. A method for identifying an external power adapter coupled
to a device, said method comprising the steps of:




