1 NETHCD AND APPARATUS FOR DETERM NI NG BATTERY TYPE AND MODI FYI Mg2@PEREF NG
5 CHARACTERI STI CS Background of -t he Invention 10

This invention generally relates to the method and apparatus for

determ ning the type of battery supplying power to battery operated

equi pnrent and being charged by battery chargers. This invention nore
particularly relates to a nethod and apparatus which will detect the type
of battery 15 connected to a circuit of Yhe battery operated &EAPWER on
the basis of a predeterm ned voltage potential suppl ied at a test term nal

of the battery and whi chMPTHOIPAE QPPARA DRTERMA(AGE! ors for
the using or charging e ter erformance. 20
Qperationally, batteri egﬂéﬁcﬁgﬁ#w&é N{@Q Yig%( FeRATING t er i zed by
cheni cal conponehits - Lithium N Cd,CHSRAQTIRIATEGR ne, etc. - and those
characterized as rechargeabl e or non-rechargeable) exhibit different end of

life voltage characteristics and effective series resistances. Since 25
different types of batteries can be interchangeably used to provi de power

for the sane equi pn%%ﬁ%@g%@%% Portabl e Tel ephone), know edge
of the type of battéry y equi pnment in establishing
operating paraneters such as transmtter output power or in warning the
~user of a 30 "{@w batt erfhis¢AGntibR Fenerally relates to the method and _
apparatus for determining the type of battery supplying power
to battery operated equipment and being charged by battery
chargers. This invention more particularly relates to a
method and apparatus which will detect the type of battery
15  connected to a circuit of the battery operated equipment on the.
basis of a predetermined voltage potential supplied at a test
terminal of the battery and which will select one or more
operating parameters for the using or charging equipment to
optimize battery performance.
20 Operationally, batteries of different types (such as those
characterized by chemical components - Lithium, NiCd, Lead
Acid, Alkaline, etc. - and those characterized as rechargeable
or non-rechargeable) exhibit different end of life voltage
characteristics and effective series resistances. Since
25  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 battery may be
useful to the equipment in establishing operating parameters
such as transmitter output power or in warning the user of a
30 “low battery" condition.

Nonrechargeable battery types should not be subjected to
recharging attempts. Battery types that can be charged
should be charged at differing rates and with differing
conditions. A battery charger which accepts all battery types



Nonr echar geabl e battery types should not be subjected to recharging
attenpts. Battery types that can be charged shoul d be charged at differing
rates and with differing conditions. A battery charger which accepts al
battery types 2 ideally should adapt the rate of charge (charge current)
and the types of charge controls used in accordance with the battery type.
Al though it is known that the charge rate of a battery may be optimzed in
accordance with the charge 5 capacity of pthe battery (U S. Patent No.
4,006, 396 discloses a battery and charger apparatus which enploys an

el ectrical el ementidealljishotil® alapt ¢hy racs!sf enatgé@hﬁr%@cﬂf&ﬂtﬂﬁna si gned

h t t f t h t at | db

char ger ci roui t t $hEBRL oF ctiafed PRRABICHE it Peoordation matE e ey vy Thi s
optinization i s nbatterartypebl dlbbeegh itnistmadven yhat/he clatrgesate nfhed to
rate-of -charge de‘lﬁ'ﬁf@l’?%h?%eg PahAY ?%ac cgvaﬁlliﬁgfcﬁgrégr 4 battery

charger to aut mat i cal nize t )& ype which 1s°to be charged
o

and adapt its hatcﬂpﬁ‘g')‘ %3 @F@r& ﬁ(ﬁ‘ﬁ@% 4,006,336 disgloseR@ | nventi on
It is, therefore, bam&;w@m@tchai-géﬁappamlstw}ﬂﬂﬁéﬁnbwyst%@é&ﬂca!\h' ch type

of battery is CO”B.i&SeLE’ mﬁgmefﬁle étegy Bousmg itself to provide a signed
characteristic of the battery's charge state and which is
employed by a charger circuit to control the rate of charge for
10  the battery). This optimization is not changeable based on
battery type and is limited to rate-of-charge determination.
Therefore, it would be useful for a battery charger to
- automatically recognize the battery type which is to be charged
and adapt its charging parameters accordingly.

15
Summary of the Invention

It is, therefore, one object of the present invention to
detect which type of battery is coupled to battery using or
20 charging equipment.

It is another object of the present invention to select and.
modify use parameters in battery powered equipment
according to the type of battery connected.

25
It is a further object of the present invention to select
and modify charge control parameters in battery charging
equipment according to the type of battery connected.
30 rief iption of the Drawin

Figure 1 is a block diagram of a portable radiotelephone
transceiver and battery which may employ the present
invention.



20 charging equipnent. It is another object of the present invention to
select and nodify use paraneters in battery powered equi pnent according to
the type of battery connected. 25 It is a further object of the present

i nvention to select and nodify charge control parameters in battery
char gi ng equi pnent according to the type of battery connected. 30 Brief
Description of the Drawings Figure 1 is a block diagramof a portable

radi ot el ephone transcei ver and battery which may enpl oy the present

i nventi on. 3 Figure 2 is a block diagrgmof a battery charger and
battery which may enploy the present invention. Figure 3 is a schematic

et sctor for the 5 v adi ot EIESIRGES SIS BmIbER bokiers Ehagr? apdr g, 2.
Figure 4 is a schendhattery whiclnmody angsloyrthe priesenti ilnvblnt:iohhe bat t er ywhi o
B e o T S Ay e 1
_ _ ry type detector for the
5 radiotelephone of Fig. 1 and/or the charger of Fig. 2.
Figure 4 is a schematic diagram of a control circuit for
the battery charger of Fig. 2. |
Figure 5 illustrates the various voltage windows which
may be sensed by the battery type detector of the present
10 invention.
Figures 6a through 6d are flowcharts which indicate
the response of the portable radiotelephone of Fig. 1 to a
detected battery type.
Figure 7 is a graph of a normalized battery terminal
15  voltage versus battery charge level for various battery types.
Figure 8 is a flowchart which indicates the response of
the battery charger of Fig. 2 to a detected battery type.
Figure 9 is a graph of battery terminal voltage
illustrating battery load change response, threshold
20 hysteresis, and transmitter power output reduction which
may be employed in the present invention.

Description of the Preferred Embodiment

25 This invention is particularly adapted for use in and
with electrical equipment which can interchangeably couple
to two or more different types of batteries. This equipment (for
example, a portable radiotelephone) may "sink" power from a
battery and deplete the battery charge. Alternatively, the

30 equipment may be equipment which "sources" power to the
battery in order to recharge the battery. The present invention
is intended to power portable electronic equipment which
provides low battery alerting to the user and which may vary
the operational characteristics of the equipment . In a



Figure$ 6a through 6d are flowcharts which indicate the response of the
poftabl e radiotel ephone of Fig. 1 to a detected battery type. Figure 7 is a
graph of a nornalized battery termnal 15 voltage versus battery charge

| evel for various battery types. Figure 8 is a flowhart which indicates
the response of the battery charger of Fig. 2 to a detected battery type.
Figure 9 is a graph of battery termnal voltage illustrating battery |oad
change response, threshold 20 hysteresis,,and transmtter power output
reducti on which nay be enployed in the present invention. Description of

the Preferred Em)o%b?ﬁﬁle%’éllular radJ-Bl%l% hgﬁgn{,ﬁé)g bSathéddli cul arly adapt ed
for use in and with,electr) gchlib nterchan eably coupl e
to two or nore dlff’gﬁﬁ?ﬁteﬂ?g'@w ""tye ?é@n h‘?st Lﬂf ﬁ%‘hﬁm{ &% exanple, a
portabl & radi ot el epowre)output levelk" Tbemsénwm\rénhaht@ra&scamteﬂdaﬂebe tﬂe

b tt h e. Aler | I C
attery charg bera ﬂﬁtxtte}g%hﬁg%eﬁggm B e Bbabfi Y & yg%nrgqh

"sources" power_to the Dbatt re
present invent i%n FE’°|Q¥tIBﬁH%§ﬁf@'eFG teryrtynps.c eI ectroni ¢ equi pnent which

provides |ow battery al & bldlﬁk aﬁgtrhﬁl uﬁarp@wbmm HodeYwhilh

operational char act oy Sssl'lhze t?'le presengm entaon 1sI 8 o%vn ig. 1. A battery
101 is shown coupled to a radio transceiver 103. There may be
at least three electrical connections between the battery 101

10  and the transceiver 103; these connections supply primary
battery power (105), ground (107), and sense input (109).
Within the battery 101 is found a conventional electrochemical
cell or cells 111 which provide direct current electrical energy
from a chemical reaction. The electrochemical cell type may

15 be determined by capacity, effective resistance, physical
construction, type of chemistry, or any other parameter
pertinent to its use. A battery may have any number of like
cells or combination of different cells. In some conditions,
however, different batteries may have different characteristics

20  but their use in a specific application may be identical enough
for the batteries to be considered the same battery type.
Nevertheless, when batteries of different characteristics
perform differently in the specific application, they are
considered herein to be different battery types.

25 A sensing electrical component 113 (such as a resistor,
a thermistor, an open circuit, a short circuit, or other
elements which may provide auxiliary sensing capability) is
utilized in the present invention to provide an electrical
signature indication of battery type. In the preferred

30 embodiment, the sensing element 113 is connected between
sense input contact 109 and ground contact 107 of the battery
101, however, other connections may provide equally useful
sensing capabilities.



portablfe cellular radiotel ephone, one operational characteristic which may
be'varied is that of transmtter power output |evel. The present invention
is also intended to be used in battery chargers having the capability of
charging 5 two or nore different battery types. A block diagramof a _
portabl e radi otel ephone which may utilize the present invention is shown in
Fig. 1. A battery 101 is shown coupled to a radio transceiver 103. There
may be at | east three electrical connections between the battery 101 10

and the transceiver 103; these connections supply prinary battery power
(105), ground (107), and sense input (109)2 Wthin the battery 101 is found

a conventional el ectrochem 2 | s.11 L ch prow de direct
current electrical eper %ﬁg%mggc ‘é%i’%:a_ kvrvg)%‘cé} %lgwerﬁéﬁgﬁ_ ctrochem cal
cell type may 15 b D420 paripblei aeflular radiotelephere swaileble physi cal
construgt ion, type ofrofMbtotéla, Iﬁb.)?%rxsﬁgtb%fla?edﬁwégfn%ﬁgﬁraﬁ%ﬁngfto its
use. A battery may e._any. n r o i ke ce

different cells. In §§H§“B’o[‘i$aﬁﬁb€ﬂ§°nﬁ%%$‘ rﬁf‘?frﬁ?eéﬁ?lf Béﬁt%r‘ﬁ_sé% may have
di fferent charac®er iinterfaced2lbiwhichanay frther incinde iahi earpiets sngdlt;)n may
be identical enough otplh% atg: oy e ery
type. Nevert hel esg, I\%\]/n%r ba??éﬁgghgérgffcpgéozpﬁéﬁg%%%aé‘?‘?g;gs‘b%rform
differently in the prigurab indicatorsrsuchnay am bELblightier eubargeapht o be

different battery tygea didplay or a ndmeeitsl mﬁdﬁh%hrdmé:t&ym%@), (such
as a resistor, at hea{nr& %:E)I%fol %‘ngtgglqs ib%c(whtmh ainsahgéﬁulcalrrpoli'ltetrﬁleor orher

10 radiotelephone of the aforementioned type may utilize a
MC68HC11A8 microprocessor or equivalent and associated
memory and circuitry), and a battery type detector 125.

The battery type detector 125 must be comﬁatible with

and capable of identifying the battery type electrical signature

15  created with the selection of the electrical component 113
within the battery 101. The battery type detector 125 measures
a sense input signal which is generated from a regulated
voltage reduced in proportion to the ratio of resistor 127 and
the effective impedance of electrical component 113 in the

20  Dbattery 101. The electrical component 113 is given a different
electrical parameter value for each different battery type.
Thus, in the preferred embodiment, the sense input is "
determined by the voltage divider formed by resistor 127
(having a resistance value of 15K Ohms) and resistor 113

25 (having a value as shown in Table 1). Since resistor 113 is
given a different value of resistance for each battery type, the
sense input voltage is a different value for each battery type.
Based upon the value of the sense input as measured by
detector 125, the radio transceiver 103 determines which

30 battery type is connected and adjust its operating parameters
accordingly.




el emenfs which may provide auxiliary sensing capability) is utilized in the
présent invention to provide an electrical signature indication of battery
type. In the preferred 30 enbodinment, the sensing elenent 113 is connected
bet ween sense input contact 109 and ground contact 107 of the battery 101,
however, other connections may provide equally useful sensing capabilities.
5 The transceiver 103 (which may be a nodel FO9HGD8453AA portable cellular
radi ot el ephone avail able from Mdtorola, Inc.) consists of a conventional
radio transmitter 117 a conventional radicreceiver 119, a user 5

interface 121 (which may further include an earpi ece and m crophone,
dialing and control nechani sns, and visuatégqﬂi r aural indicators such as
an LED light or a bar graph on a display rical indication of
battery charge), logic and control functions 123 (mhich in a cellular
portable 10 radiotel ephon orene ype may utilize a
MC68HCL1A8 m cr oprocessor gPQaBEPqZ?ént an?i:ryo OC|ated menory and
circuitry), and a battery t alye(Onms ) det ect or 125
nmust be conpati bfe with and capaokﬁuﬁﬁuﬂQQgglfylng t pggpattery type

el ectrical signature 15 created he sel ection el ectrical
conponent 113 lwad} ?_{(.éﬁf

2 2K-3K
3 3K-5K
4 ' 5K-10K
10 N (default) >10K
*thermistor

One of the operating parameters which may be adjusted

is that of the low battery alert which is provided to the

15  transceiver user via user interface 121. Conventionally,
battery voltage is measured by the electrical equipment and
when the battery voltage drops below a predetermined
threshold, a light is lit or other indication is given to the user
that the battery has reached the end of its useful battery

20 charge. The equipment, typically, will be allowed to operate
only for a limited duration after the low battery detection is
made. A second battery voltage threshold may be included in a
conventional circuit which entirely turns off the equipment
thereby protecting such battery types as NiCd or lithium types

25 which cannot be discharged below a certain charge without
permanent damage to the electrochemical cells. Non-
rechargeable batteries, however, do not require this minimum
discharge voltage protection and can be fully discharged. A
third battery alert parameter, the hysteresis voltage, may be

30 included in a conventional circuit. Hysteresis is used to keep
the unit from exiting low battery alerting when the equipment
changes modes causing the battery discharge rate to change.



mnthln the battery 101. The battery type detector 125 neasures a sense

i nput signal which is generated froma regul at ed vol tage reduced in
proportion to the ratio of resistor 127 and the effective inpedance of

el ectrical conmponent 113 in the 20 battery 101. The el ectrical conponent
113 is given a different electrical parameter value for each different
battery type. Thus, in the preferred enbodi ment, the sense input is
deternined by the voltage divider formed by resistor 127 (having a

resi stance val ue of 15K Chms) and resistor? 113 25 (having a val ue as shown
in Table 1). Since resistor 113 is given a different value of resistance

for each battery typEhistdiechargeeratepchangd tgyechange the batteny texhiralf or
each battery type. Rageg etmﬁl souew&wfuhb@e&%eé&thmgaﬁ%ﬁyt eryed by

type
s connect ed aﬁﬁeaéf‘f'? e, GgRold o 2lerts IR o oReRE the 6 TABLE 1
Battery Type esiSL*Bol‘ﬁhgeleo itk by battery alert threshold @oltagalete t est)
0-1K 1 (N Cd) 5 eqmpmelllé wifl nét exit low battery alerts. & second set of
these voltage parameters may be used in a conventional
circuit where there are two distinct modes of operation such
as receive and transmit. Furthermore, different battery types
have different characteristics of terminal voltage and amount
10  of discharge (See Fig. 7.). Thus, a predetermined and fixed
voltage threshold for indication of low battery charge or
equipment turn off may be optimum for one battery type but
non-optimum for another battery type.
The output of detector 125, then, can inform logic and
15  control function 123 of the type of battery connected. Logic and
control function 123 will scan its associated memory for one or
more voltage threshold values which are optimum for the
battery type connected and detected (See the first six rows of
Table 2). Comparison of the battery voltage to the optimum
20  established voltage thresholds may thus be used to provide a
user indication of battery life at an optimum point determined
by battery type. |
Similarly, other radio parameters may be adjusted in
accordance with battery type. In the preferred embodiment of
25 theinvention used in a cellular portable radiotelephone, the
output power of transmitter 117 can be adjusted to a
maximum power level determined by the particular battery
type connected to the radio transceiver 103. The mobile or
portable subscriber equipment for cellular radiotelephone
30 application has the capability of a plurality of transmitter
output power levels, one of which is selected by the fixed site
equipment. (see Fisher, "A Subscriber Set for the Equipment
Test", Bell System Technical Journal, Vol. 58, No. 1, January
1979, pp. 123-143, showing early multiple transmitter output



3 ’ 3K-5K 4 5K- 10K 10 N
(défaul t) >10K *therm stor One of the operating paraneters which
may be adjusted is that of the |low battery alert which is provided to the
15 transceiver user via user interface 121. Conventionally, battery

vol tage is measured by the electrical equipnment and when the battery

vol tage drops below a predeterm ned threshold, a light is Iit or other
indication is given to the user that the battery has reached the end of its
useful battery 20 charge. The equipnent, typically, will be allowed to
operate only for a limted duration after & he | ow battery detection is

made. A second battery voltage fhyeshol.d may,be.di ncl uded. i n copnventi onal
circuit which enti rao?’;vqrﬁ*eﬁgggg#lu.[ e THR Bﬁéﬁgecg’ro& _ cﬁ_‘gmé‘éfch
battery types as N &¢ drangachduning hescatrsewfiacradiatalephdme diadl;liar ged bel ow
a certain charge wi thaud iRBICRErIPIBNT rbaitbPLFBEAGNSM cal cells,

Non- rechargeabl e batteries, however, .dQ not requf I'S m nimum di schar ge
vol tage protection S94REeNte 4 rereived sepaljwhichus tnor stropg vall canse t

paraneter, the hyst¢hefixedvsité egaipmBiit be cdBmant thelatbbile ¢ MBI {oonal

Ly Hrstl ot e R AT BB p Db b e et o
rate to change. level steps. Likewise, a received signal which is too weak will
cause the fixed site equipment to command the mobile or
portable to increase the transmitter output power level one or
10  more step (up to a maximum output power for the class-
mobile a portable - of subscriber unit). EIA Interim Standard,
IS-3-D (March, 1987), "Cellular System Mobile Station-Land
Station Compatibility Specification" defines six 4dB power level
steps from -2dBW to -22dBW for portable radiotelephone
15  equipment (paragraph 2.1.2.2). Each of these power level
steps has a given tolerance or +2dB/-4dB from the nominal
level. |
Although some radiotelephone systems place stringent
minimum transmitter power output requirements on user
20 equipment, other systems may utilize the selectable
transmitter output to enhance user equipment battery life. As
the battery charge becomes depleted with use in the portable
radiotelephone, the voltage available at the battery power
contact 105 decreases. Each battery type has a different voltage
25 versus charge characteristic which is shown generally in Fig.
7. The control and logic function 123 (of Fig. 1) may utilize
knowledge of the battery type derived from battery type detector
125 and component 113 to determine which battery type
characteristic is expected and to adjust the transmitter output
30 power maximum characteristics according to the battery
charge remaining (as implied by the battery terminal voltage).
Furthermore, the operational life of the battery may be
extended by reducing the transmitter maximum output power
level at particular battery charge levels depending upon



Thi s di scharge rate change may change the battery term nal vol tage enough
sg that it will now exceed the | ow battery alert voltage threshold and
alerts will stop. By adding the hysteresis voltage to the |ow battery alert
threshold voltage, the 5 equipnment will not exit |ow battery alerts. A
second set of these voltage paraneters may be used in a conventiona

circuit where there are two distinct nodes of operation such as receive and
transmt. Furthernore, different battery types have different
characteristics of term nal voltage and afount 10 of discharge (See Fig.
7.). Thus, a predeterm ned and fixed voltage threshold for indication of

llow battery charge qgg } BN I Higtefirred@mtdiRidht BREhE Predem@ battery

type but non-optinum for .anoéﬂer batter¥/1 t‘gﬁe il'he out %rt %1; det ect or 125,
then, can inform | ogP¥eBHED1 ARTe8,ROVET ORERRY 188 197 SPARE §?§es°8?e battery
connected. Logic ancbateny typesuriEhéssrunizmediransmitiar putpuispewenfeatunesior y
for one or nore vol t,@gg HBATEP LAAEALLIEE WHILE RefRFANnERbItREBelOAtH owlugt tery

of "the bat tery vBI t aERbISt RBoS 3 bakipry b Pedia AE A RIPERN 28 APoohol ds
may thus be used to qharacthristic/eghibitigensharp dfopeffiafrvoltdgecowtipuan opti mum
i Ust e n accor darriey fertithfar sl ool harE AASATER IayEY  °5
the invention used itheatrapismitter moximboinge outpub pewepeval, mairtained at
the maximum transmitter output power level for a long period
10  of time with subsequent power output reductions. A battery
type having a relatively linear decrease in output voltage
versus battery charge will have the transmitter output power
level reduced sooner.
Different battery types present different battery terminal
15 voltage changes with changes in the load presented to the
battery. When battery terminal voltage thresholds are
established, the effect of load change must be considered and a
hysteresis must be developed for the threshold battery
terminal voltage. The value of battery load change hysteresis
20 may be apprehended from Fig. 9. When the transmitter is
operating, the battery terminal voltage decreases with time
(curve 901). If the transmitter reduces its power output level
at battery terminal voltage points determined in accordance
with one aspect of the present invention, the reduced load on
25 the battery will conventionally cause the battery terminal
voltage to increase. Without hysteresis, such an increase in
battery terminal voltage will cause the transmitter to reenter
the higher power mode which causes the battery terminal
voltage to decrease, etc. Hysteresis of the appropriate value
30 for the particular battery type supplying power to the '
transmitter will prevent such a bistable oscillator from
occurring. Thus, when the battery terminal voltage (901)
reaches the voltage threshold (V1) between transmitter
output power level 1 and power level 2 (at 903), the transmitter



out put® power of transmtter 117 can be adjusted to a maxi mum power | evel
determ ned by the particular battery type connected to the radio
transcei ver 103. The nobil e or portable subscriber equi pment for cellular
radi ot el ephone. 30 application has the capability of a plurality of
transmtter output power |levels, one of which is selected by the fixed site
equi pnent. (see Fisher, "A Subscriber Set for the Equipnent Test", Bel
System Techni cal Journal, Vol. 58, No. 1, January 1979, pp. 123-143,
showing early nultiple transmtter output 8 power |evel cellular

equi pnment). Thus sel ection, which nmay be chenged during the course of a
radi ot el ephone call, is based upon the signal |evel received by the fixed
site equi pnent. A received signal which is too strong will cause 5 the
fi xed site equi prentiscbaogeddnpover level Re Ior agrordahtewith one aspedcthef

transmtter output REWGrelin®Nfvditidh! thePilble dfVHFbsIIANA, d fiftbaged @

Command t he mobi |6, B 1 EalBr 6oLy SUARS iR TETa U nd A8 ABATTR R QR bt power
level one or 10 noredmilaepthirephéld ehdmgeé Gbear8UAPPsing@EF. for the cl ass-
Therch, 1887 - 8ol 1 Ul ar AeHERY ?Ipt;ga% s g aey I BRI T b1 111y
Speci fication" defi reesomdanced®ithdvattersetygie is that of the state-of-charge

indicator type. In the preferred embodiment of the invention

used in a cellular portable radiotelephone, a state of charge

indication is visually provided to the user via user interface

10 121. Conventionally, a battery state of charge indicator makes
its determination of the amount of charge in the battery by the
battery terminal voltage. It uses the battery terminal voltage to
determine into which of a finite number of state of charge
ranges the battery is in (such as 100%, 80%, 60%, 40%, 20%, or

15 0% of full charge). However, different battery types have
different characteristics of terminal voltage relative to the
percentage of charge left (see Figure 7). Thus, a
predetermined and fixed voltage vs. percentage of charge
characteristic may be accurate for one battery type but

20 inaccurate for another battery type. Thus, an important
feature of the present invention uses a different voltage vs. “
percentage of charge characteristic for each battery type. The
characteristic is selected based upon the battery type which is
detected as previously described.

25 An alternative charge state indicator is one which
determines the state of charge by keeping track of the time the
unit is used, calculating the amount of charge used,
comparing the amount of charge used against the full capacity
of the battery and providing the charge state to the user via

30 userinterface 121. The equipment being operated can draw
different amounts of charge per unit time depending upon the
battery type being used and different battery types may have
different amounts of charge capacities. Thus, a
predetermined and fixed calculation of charge state may be



steps from-2dBWto -22dBWfor portable radiotel ephone 15 equi prent
(paragraph 2.1.2.2). Each of these power |evel steps has a given tol erance
or +2dB/-4dB fromthe nom nal |evel. Al though sonme radiotel ephone systens
pl ace stringent mninumtransmtter power output requirenments on user 20
equi pnment, other systens may utilize the selectable transmtter output to
enhance user equi pnent battery life. As the battery charge becones depl eted
with use in the portabl e radiotel ephone, the voltage avail able at the
battery power contact 105 decreases. Each battery type has a different

vol tage 25 versus charge characteristic ich is shown generally in Fig.
7. The control and |ogic function 123 (of g. 1) may utilize know edge of
the battery type derived fr?n1bat ery type detector 125 and conponent 113
to deternine which HRRERWMEgHane dypethut non-epbmure for agotherdj ust
the transmtter out (hattdf typmreAnraériativeianplehedritationsofdtherdsagt t 0 t he

Fur t her mor o, “the. opdrSeraisa vadia sgfectibfe o dinks Fpitifids afit Bt
reduci ng the transnidemdetinnvatesforeachibattewyrtypevel at particul ar battery
charge | evel s degendi ng Uﬁ%tteryg’cl}i’éﬁgte?thchpﬁay' é}nﬁlogrﬂfe%{&%n%”bo‘di ment
of the present . . . . . .
invention is shown in the schematic block diagram of Fig. 2.
A battery charger such as charger 201 may employ |
conventional rectifier circuitry 203 and conventional current
sourcing and regulating circuitry 205. Such circuitry may be
10 found in previously disclosed documents such as
aforementioned U.S. Patent No. 4,006,396. A battery charger
which employs the present invention utilizes a battery type
detector 207 and charge control circuitry 209. The battery type
detector 207 measures the voltage potential generated across
15 component 113 of the voltage divider of resistor 210 and
electronic component 113. Battery type detector 207 determines
the battery type from the sense input potential and
communicates the battery type to control circuit 209. Control
circuit 209 contains predetermined information about the
20  battery type and it will establish the rate and types of charge
controls to provide an optimum rate of charge for a “
rechargeable battery while not charging a non-rechargeable
battery type.
In the preferred embodiment of the present invention in
25  a battery charger, a charge state indicator may operate as
described previously. The battery terminal voltage is used to
determine the battery percentage capacity. However, when a
battery is being charged the terminal voltage may not be
monotonic with the percentage charge in the battery. This
30 effect occurs in NiCd batteries being rapid charged and has
been used in some chargers to terminate the rapid charge
cycle (this technique is commonly known as "AV charging™).
A battery charger may charge one battery type differently than
another battery type and the terminal voltages vs. percentage



I nvention, three power output |evels are enployed for sone battery types.
These uni que transmtter output power features nay be better understood
while referring to the seventh row of 5 Table 2. Thus a battery type having
a voltage versus tinme characteristic exhibiting a sharp drop off of voltage
output after a particular anmount of battery charge depletion can have the
transm tter maxi num out put power |evel maintained at the nmaxi num
transmtter output power level for a long period 10 of time with
subsequent power output reductions. A batitzery type having a relatively

| i near .decrease in output voltage versus battery charge will have the
transmtter output peaucities ehay bdudiffdrantThus,biid seteoft tebatinal yoltgges

present different b ] N . C ' i n the
| oad presented to t%zgﬁ%?'éﬁgﬁﬁ&%ég%%g?% glr%‘ na %\?‘&V@%&%ﬁ?%ﬁ%‘f ds are
establ i shed, the ef fBet faranetherc Theypresgnt imeention pelectsca diffferertyast of esi s
nust be devel oped f oferkhitial RioBEak dab Pbk@irtak€ CHAAA forWdchisattdhe tygd. ue of

battery | oad change hysteresis.Z0 e apprehended from Fi.g. . 9. en the
transmitter is operati ng,%%@tgr% m%'BFPE@Be&XE?Qgg@?‘W’Yh tinme
(curve 901). If the whiclsmdybe enfplogedas batteeyeypeodétectors @S o200 t ery
term nal vol tage poi et ' - | 0, 5 h t of the
present invention, t e&ygau?ggébgﬁe#‘%ﬁ% é%%%%%é‘r?’qg\ﬁl?é@?%

woos o ] onventional ly
cause the battery tervmn@deleb@njermmm@nmamta&tNﬂmgms.such an

I ncrease in battery A%%Hﬁbelﬁ'éx?gﬁalfﬂd to aies chRGeltegNghRit ter to reenter
' 10 microprocessor may be used to perform the same sort of
battery type detection. One conventional microprocessor (an
MC68HC11AS8, available from Motorola, Inc.) internally
contains an analog to digital converter and may be
programmed to perform the required comparison. In Fig. 3,
15 aregulated voltage is serially voltage divided by resistors 301,
303, 3085, 307, 309, and 311 to produce N voltage levels which are
applied to the positive input port of N conventional
comparators 313, 315, 317, and 319. The sense input signal is
applied to the negative input of comparators 313, 315, 317, and
20 319. The outputs of the comparators are applied to inputs of
AND and NOR gates 321, 323, 325, and 327 as shown in order
to provide detection windows for the battery types. The output
signals from battery type detectors 125 and 207 are on N output
lines. In general, a resistor used as electronic component 113
25 in the battery enables the detection of a number of battery types
limited primarily by the decision of the detector.
A battery charger control circuit 209 is shown in more
detail in the schematic diagram of Fig. 4. A microprocessor
401 (such as an PIC16C55 available from Microchip, Inc.) is
30 used in the present invention to control the charging
" conditions for the battery based upon the battery type detected
and applied to microprocessor 401 via detector output line 403.
Upon detection of a particular battery type, microprocessor 401
recalls form its internal memory the charging characteristics




t he higher power node which causes the battery term nal voltage to
decrease, etc. Hysteresis of the appropriate value 30 for the particul ar
battery type supplying power to the transmtter will prevent such a

bi stabl e oscillator fromoccurring. Thus, when the battery term nal voltage
(901) reaches the voltage threshold (Vthl) between transmtter output power
| evel 1 and power |evel 2 (at 903), the transmtter 10 is changed to
power |level 2. In accordance with one aspect of the present invention, the
val ue of threshold V[err] is increased byig8he sel ected hysteresis value Vh
(as shown at 905). A simlar threshold change occurs at point 907. 5

type 15 that of the STipe! #Bcﬁ%‘g%% a9 1 %@ﬁﬂ?‘%&;ﬁm{”” ’
enbodi ment of the i n&H:i dhehatte {&?gﬁ‘obsrﬁ d byaen ne, a
state of charge indi caltape daemsmaéémuqu@sladﬂiﬁpmtttbani&eprodeasmswl
LT ace 59, 121, SRStk ki AL R B S SRS
battery term nal %ol t@geacmnsﬁmmeerdsal]edrfiomesmge angl theyapproptiater ni ne
into which of a fini ta‘in&k'ﬁp 8f cfrent 34 ﬁll@@veﬂh&r&&ei%ﬁG%t%ﬁ iiéi‘hhﬁé}é a$ in
fj;s??gr :ﬁt 1825/?[ er80% %ﬁgggg gcﬁllc%pro%esgo;f&l Lglld mfrrz]'glrl source é/er

y ty

The aforementioned U.S. Patent No. 4,006,396 discloses
a technique of determining battery charge rates by detecting a

10 particular battery type. Different battery types also require
type-specific charge controls to realize optimum charge
performance. For example, the present invention may be
employed in the selection of charge control controls such as: -
voltage cutoff (in which the charging is terminated when the

15 Dbattery terminal voltage exceeds a selected threshold), time
(when the battery charging is terminated or reduced to a
trickle charge after a selected period of time), temperature cut
off (in which the fast rate charging is terminated when the
electrochemical cells exceed a selected temperature),

20 temperature-controlled voltage cutoff (in which the selected
voltage cutoff threshold is selectively temperature
compensated for electrochemical cell temperature), and Av
charging (in which a selected slope of battery terminal voltage
versus time is employed to determine the time at which

25 charging is reduced or terminated). These charge controls
are further shown in Table 3. : '

Some types of batteries (for example NiCd cell batteries)
are susceptible to damage if rapid charging is not carefully
controlled. High temperatures generated during rapid

30 charging may cause damage to the battery and, in extreme
situations, may cause the battery to explode. Furthermore, as
disclosed in U.S. Patent No. 4,727,306 (showing a dual charge
rate battery charger having charge rate control), a battery
being charged at a rate less than its maximum rate but



different characteristics of terminal voltage relative to the percentage of
charge left (see Figure 7). Thus, a predetermined and fixed vol tage vs.
percent age of charge characteristic my be accurate for one battery type
but 20 inaccurate for another battery type. Thus, an inportant feature of
the present invention uses a different voltage vs. percentage of charge
characteristic for each battery type. The characteristic is sel ected based
upon the battery type which is detected as previously described. 25

An alternative charge state indicator is ﬁ1e whi ch determ nes the state of
charge by keeping track of the time the unit is used, calculating the

anount of charge used, conparing the anount of charge, used g%hnst the full
capacity of the bat8répiery g aoimirgum, mayhalsgcanss damaee §er via 30

user interface 121 baf@yeqﬁaph&ﬁtt@ﬂmepﬁmmha@eqxresbx&mm&ehﬁen@s anount s
of  charge per unit std BReRERAN HAMHBA"hASHRALLERY chiftft, DElACratsERdaNd

different battery typ nia gent anou charge capacities.
Thus, a predet er ni fé¥l apphed B§I1§% ArPRERYthar ge state may be

optimum for one5battery Rigp§ 1ﬂmistfn}ﬂsmhblv‘ﬂﬁbd5)volm h&hdbﬁbtvehi)chtamﬁ. An
o e oo TR A SRR i s LB
when a known regulated voltage is applied to a voltage er
including electronic component 113.
Fig. 6a is a flowchart employed by the microprocessor of
10 a portable radiotelephone in its logic and control function 123
in the preferred embodiment of the present invention. This
method shows how the radiotelephone responds to a
- determination of a particular battery type and sets the
appropriate low battery alert thresholds and software turn off
15 thresholds for the battery end of life. It is anticipated that each
different battery type can have an independent set of
thresholds. Following turn on of the radiotelephone
equipment at step 601, the detector input is read at step 603. (If
an analog to digital converter is used in the realization of a
20 Dbattery type detector, step 603 would entail the reading of the
output value generated by the analog to digital converter). A
determination that the detected level is greater than one volt

(as indicated from test 605) results in a test of whether the level
is between one volt and an incremental voltage (Av) over one

25 volt, at test 607. If the sense input level exceeds one volt plus
Av a test is made to see if the sense input is between one volt
plus Av and one volt plus 2 Av (at test 609). The determination
of the sense input voltage window continues in a similar
manner until the window is found. Upon detection of the

30 sense input voltage being within a particular window results
in the battery threshold and end of life thresholds for the
particular type of battery detected. This is indicated in steps
611 or step 613 of this process. Once the thresholds have been



5 * A battery charger which may enpl oy the present invention is shown
in the schematic bl ock diagramof Fig. 2. A battery charger such as charger
201 may enpl oy conventional rectifier circuitry 203 and conventi onal
current sourcing and regulating circuitry 205. Such circuitry may be 1 0
found in previously disclosed docunents such as aforenentioned U.S. Patent
No. 4,006, 396. A battery charger which enploys the present invention
utilizes a battery type detector 207 and charge control circuitry 209. The
battery type detector 207 neasures the voI%gge potential generated across 1
5 conmponent 113 of the voltage divider of-3 esi stor 210 and el ectronic
conponent 113. Battery type detector 207 determ nes the battery type from
t he sense i nput pot eetdlldd and sedjrbheipratess cohéinvestweith ity perinal coph rom
circuit 209. Cbntrogmgiéﬁg :P? cont ai ns predeterm ned information about
the 20 battery type an t establish the rate and types of charge
controls to provide an oft Pﬁiﬁﬁ‘? precess ocpuryi thersensednput as detecteddner y

\Ahnl)l 3 not t ch?rtgl ng %@Qﬁ?ﬂemttﬁ@%@i ﬁe&g&dlwa%d?ae volmhhbaneref erred
enbodi nent o presen vent i in a ,ba C arg.er ar ge
state indicator h‘ﬁa Bg 8%%°'dé§gheb%{? erred; é? abé‘?%‘é‘?‘?ll P‘?rtm nal
voltage is used to delbmuunem hntémﬂt(atﬁlﬁe;rd&nsmawaimtmbrdthxmer when
a battery is being e notonic with
the percentage char éigﬁfv% %M‘gn?eéépsgﬂ#ﬁi/% Wu‘g?ye pg%)%lggrtggl n Ni Cd
batteries being raptt&@&r@e‘oﬁ@@dﬁ@sand is particularly useful when the
radiotelephone transceiver 103 is placed in an appropriate test

10 power supply and enables a service technician to determine
problem areas within the radiotelephone 103. A fail-safe
system is also employed to prevent damage to a battery by deep -

. discharge if the sense contact 109 is broken or misaligned.
The radiotelephone transceiver 103 assumes low battery alert

15 and turn off default values so chosen that no damage will
occur to any of the various battery types used in the system.

A similar method of detection is used to set the
transmitter power step amount (see Fig. 6b) to establish the
battery terminal voltage versus level of charge characteristics

20 stored for particular battery types (see Fig. 6¢). Likewise, the
battery load change hysteresis time constant and expected -
voltage step for each particular battery type (see Fig. 6d) may
be selected. A portable radiotelephone transceiver 103 may
utilize one or more of these methods simultaneously in order

25 to establish the operating characteristics of the portable
radiotelephone transceiver. '

The general shape of the battery terminal voltage versus
battery charge level characteristics are shown in the graph of
Fig. 7. Several battery types are represented in the three

30 curves shown.

The method employed by microprocessor 401 of a battery
charger employing the present invention is shown in the
flowchart of Fig. 8. Upon determining that a battery is present



been used in sonme chargers to termnate the rapid charge cycle (this
technique is comonly known as "[err]V charging”). A battery charger my
charge one battery type differently than another battery type and the

term nal voltages vs. percentage 12 capacities may be different. Thus,
one set of term nal voltages vs. percentage charge nmay be optinmal for one
battery type but not for another. The present invention selects a different
set of term nal voltages vs. percentage charge for each battery type. 5
Referring to Fig. 3, a schematic of one typg of detector which may be

enpl oyed as battery type detectors 125 or 207 is shown. The configuration

SNQ)%/\MA]NiDn Fig. 3A: S 4elep@E03 theidetiesr skmpmti@rgads?aﬁd the bastery type i&ng
gat es. ternatively, OGmt O _Qi-Qi 1 nverter and
m cr opr ocessor nay ‘%%%ﬁ%ﬂéggt%g?ﬁgﬁé] ?‘Fﬁee ggwgl}g%[h[a% b atrg\?é:‘?eybse
detection. One convéeteroringd fremofheomessany ¢laminopee@ssss 40dviomathe from
be. pr ogr amed 19 perparth LAReCLEp ST, ST Mok sl by thgMELLEY o MY
regul ated vol t age i@igr@praws;ovgbtlaia}‘mm&e@rsﬁédégiéﬁg@e sbaregos, 305,
307_, _309, _ and 311 t@r?fﬂdlfﬁflthé pﬁi‘ﬁ 'al?hr|lﬁtﬁdl? ﬁyﬁbdgt&rm?, éml iisﬁl!?ipt&)&hglg
t t t. t { Of. .
.ﬁ).ﬁzl S'exge' inﬁgut pgir gs';tepswv?ﬂt 8%arefé:r9'e iBoditnerr , thé charge cdnt%gfj
parameters and values used in the battery charging process
are shown in Table 3. The battery is then charged at the rate
10 determined from the charge rate look--up table and with the
controls also determined from the control look-up table, at step

811.

Therefore, a battery type detector has been shown and

15 described. Different battery types exhibit different discharging
and charging characteristics. To optimize battery use and
lifetime in battery powered equipment, operating
characteristics of the battery powered equipment are modified
in accordance with the detected battery type. Likewise, to

20 optimize battery charging operations, charge control
parameters of battery chargers are modified in accordance
with a detected battery type. While a particular embodiment of
the invention has been shown and described, it is to be
understood that the invention is not to be taken as limited to

25 the specific embodiment herein and that changes and
modifications may be made without departing from the true
spirit of the invention. It is therefore contemplated to cover the
present invention, and any and all such changes and
modifications, by the appended claims. '

30



applied to the negative input of conparators 313, 315, 317, and 20 3109.
The outputs of the conparators are applied to inputs of AND and NOR gates
321, 323, 325, and 327 as shown in order to provide detection w ndows for
the battery types. The output signals frombattery type detectors 125 and
207 are on N output lines. In general, a resistor used as electronic
conponent 113 25 in the battery enables the detection of a nunber of
battery types limted primarily by the decision of the detector. A battery
charger control circuit 209 is shown in mae detail in the schematic
diagramof Fig. 4. A mcroprocessor 401 (such as an PICl6C55 avail able from
M crochip, Inc.) i's 30 used in the preseq{ i %ntion to control the
charging conditions for the battery based éﬁgﬂg he battery type detected
and applied to mcroprocessor 401 via detector output |ine 403. Upon

detection of a particul g h @ QOTP ﬁ%ﬂm formits
internal nmenory the char ﬁ'ﬁgE%piggg?gtpéﬁs %?@?? e particular

battery type conRected to the battery charger 201., The battery term na
voltage is sensed by conventi onal dqﬁ@gggngQnguqun@gy i FREEINfoUt to
m croprocessor 401 where it is congared wth the gattery term npal vollt age
charge 5 characteriﬁgi alCWLye rec |l ed from storage andjthe apgproprifate
anount of current i3n§ngm@a"idgenter the bdttery fterm npls as
1 Receive Mode 580 575 5.65 5.60 5.80
Low Bat Turn Off
Threshold :
15 Receive Mode 520 5.20 520 5.20 5.10
Low Bat Warning
Threshold
Transmit Mode 5.50 5.50 5.40 5.30 535
20 Low Bat Turn Off
Threshold
Transmit Mode 520 5.20 520 510 5.10
Low Battery Threshold |
25  Hysteresis Constant 0.40 0.40 032 | 020 025
Charge State
Parameter(s)
High 6.05 6.05 6.55 5.85 590
30 Low 5.65 5.65 6.05 535 550
Max Transmitter OdB 3 1 ] 0
Power Output 3 4 3 2 0
35 Parameter(s) 6 6 5 4 0
TX Hysteresis
Voltage 0.1 0.08 015 020 0.10

40



determ ned by m croprocessor 401 and current source 205. The aforenentioned
U. S. Patent No. 4,006,396 discloses a technique of determ ning battery

Different battery
types also require type-specific charge controls to realize optinum charge

charge rates by detecting a 10 particular battery type.

per formance. For exanpl e,
sel ection of charge contro
charging is term nated when the 15
sel ected threshol d),

t he present
controls such as:

batter

t er m nal

reduced to a trickle charge after a selected period of tine),

cut off (in which the fast
el ectrochem cal

rate charging
cell s exceed a sel ected

AApLE

invention may be enployed in the
vol tage cutoff (in which the
vol t age exceeds a
time (when.the battery charging is term nated or

tenperature

rm nat ed when the
a'iure), 20

tenperature-control l ed voltage cutoff (in which the selected voltage cutoff

Laper at ure) , aRa AL TCRAG e PR R ARG LT B S Py

voltage versus tine is enployed to determne the tinme at which 25

t er m nal

cal

charging is reduced or terni nated)|pd dqq@g%j¥¥pg§) 8 |ybkher
in Table 3. Sone types of bafterrefp (fTor exanple NFCd cgl 1 pagrertes)
susceptible to da eﬂi ra 'dkgharging is |not cafjefully controll ed.
t enper at ures gq@erg%ﬁ gﬁga pi g3 ch i RQ C e dagrge (o
battery and, in extr ene situations TJO'r'}gy caugéé'f'ﬂe éégrg‘%‘e iSy/b%t exggqbdﬁ%.
Furthernore, as disclosed in U S. Patent Nd. 4,727,306 {show ng a dua
char ge Low Charge Rate OmA |60mA [80mA [10mA | 150 mA
15 '
Temperature Cutoff 40C 45C 55C 45C 40C
Voltage Cutoff ov Disableq 7.5V |Disabled| 8.2V
20
High to Low Charge
Rate Volgate Switch ov DisabledDisabled | Disabled] 7.9V
Point .
25
Timer Omin Disabled| 10 hrs. | 8 hrs. | Disable’
Charge Method No Charge |DV Voltage | Temp. |Temp
30 R and Cutoff |Cutoff
Cutoff _
Temp. {and and and
Cutoff |Temp. |Timer |Voltage
Dual Cutoff |Dual Cuto
35 Rate Timer [Rate Rate
Change
Voltage
gaual
te
40
45

50

cel |

shown
are
Hi gh
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rate battery charger having charge rate control), a battery being charged
at arate less than its maxi numrate but 14 greater than its m ni num may
al so cause damage to the battery. Each battery type, then, in the present

i nvention has its optimum maxi num and m ni num charge rates recall ed and
applied during its charging cycle. 5 Fig. 5 illustrates the various
vol tage wi ndows which are generated acrossi¢l ectronic conponent 113 (within
the battery) when a known regul ated voltage is applied to a voltage divider
i ncluding el ectronic conponent 113. Fig. 6a is a flowhart enployed by the
m croprocessor of 10 a portable radiotel@pAIMS8 in its |ogic and control
function 123 in the preferred enbodinent of the present invention. This

met hod shows how, t he glotelephon ds, to a determ pation of a

o)
particul ar battety t Iy EYRE ¢ é""‘é rtIB] rdelernining puRich, (yps) of ¢ battery
t hr eshol ds and sisf t:wapbdtl;nrassb¢1aﬂed56quipmsrholcdmrafomm$ddeb@rattery end of

life. It is antici pat,ﬁgaﬂsh%r %@Gﬂdﬁig f£ éﬁéﬁet&%xh% yoﬂey %3 Qgéloﬁ*fzpﬁf;n o

i ndependent set of thf ol ds rn on he ra
equi prent at st efF8B1.°YF CBEF@&? “gn'ﬁhta at F'é’ady%ﬁ* step 603. (If an
anal og to digital cormealtseforl detgsting i said haner ofila phirality of sn20 levmds;t end

type detectqrg step GHSaMDUeSpAREI® ltol §18d " RRGMN FoPdetd?®ing, for enabling a
- predetermined operating parameter of the associated equipment
corresponding to said battery type.

2. A battery type detector in accordance with claim 1 wherein

15 said means for producing a predetermined one of a plurality of
levels is further characterised by a regulated voltage, a first resistor
disposed within a housing of the associated equipment and a second
resistor having a resistance selected in accordance with said battery
type and disposed within a housing of the battery, said battery

20 housing having positive, negative, and sense terminals disposed
thereon, and said first resistor coupled between said regulated
voltage and said sense terminal and said second resistor coupled
between said sense terminal and said negative terminal.

25 3. A battery type detector in accordance with claim 1 or 2
wherein said means for enabling is further characterised by a _.
microprocessor which retrieves from associated microprocessor
memory a predetermined battery terminal voltage corresponding to
said battery type at which predetermined battery terminal voltage a

30 user perceptible indication of a low battery charge condition is
given.

4, A battery type detector in accordance with claim 1, 2 or 3
wherein said means for enabling is further characterised by a

35 microprocessor which retrieves from associated microprocessor
memory a predetermined battery terminal voltage corresponding to
said battery type at which predetermined battery terminal voltage
the battery powered equipment is turned off.

—_—
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out put val ue generated by the analog to digital converter). A determ nation
that the detected level is greater than one volt (as indicated fromtest
605) results in a test of whether the level is between-one volt and an
increnental voltage (Av) over one 25 volt, at test 607. If the sense input
| evel exceeds one volt plus Av a test is nmade to see if the sense input is
between one volt plus Av and one volt plus 2 Av (at test 609). The

determ nation of the sense input voltage vihdow continues in a sinilar
manner unti | the window is found. Upon detection of the 30 sensehl npﬁtld
vol t age bein 1 thin articular windowresults in th ttery thresho
and egd of Iigf t hr é% ala%&gryf &ypg I@%Pfl@ulaﬁ?orfiﬁﬁ%eo‘f’“gaﬁf% Ljevhereuy .
This is indicatsaid i meanepfor Ehablingt ep pddetefmineds operathns . patanetémds

t hreshol ds havegupgep char%éteggs%ﬁ' | ?rdrﬁé]ﬁss%r lhgﬁa%gcgs%a"o )Llérmﬁ Wktalﬂ its
normal turn on _se uni que process ocC e se ut
i s detected mWﬁﬂ-‘quBdow bet ween zero volts and one volt. In one 5

i npl enent ation of t meequsefforr deteeting dga&ei‘: étertﬁlﬁiﬂlakroltﬁgé subroutine i |5 t
entered (at 617). T u servici per sonne o]
manual |y ener gi ze tEl(l'a atl{rgg@ge?é\%?iaftﬁl@c 41 &;ﬁ%e “BBQP’EX C'EFI&’F%} OREF when
t he radi ot el ep/¥ite 2 rbatteryi ¢hargeostate me@@ﬂdmgarﬁo asaid odetieated topst of a
10 plurahty of sense levels; and
means for presenting said battery charge state in user

perceptible form.

6. A battery type detector in accordance with claim 1 for
15 determining which type of battery is coupled via battery terminals
to a battery powered apparatus having a battery éhargc state
sensor,
wherein the means for enabling a predetermined operating
parameter comprises means for selecting a value of battery voltage
20 at the battery terminals corresponding to said battery type; and
means for turning the battery powered apparatus off upon
said battery voltage at the battery terminals becoming less than said
selected value of battery voltage.

25 1. A battery type detector in accordance with claim 1 for
determining which type of battery is coupled to a battery powered
radio transceiver, the transmitter of the radio transceiver having
adjustable output power, _

wherein the means for enabling a predetermined operating

30 parameter comprises means for selecting a .predetermined radio
transmitter maximum output power level versus battery terminal
voltage characteristic corresponding to said battery type.

* [ L ] s *



10 power supply and enables a service technician to determ ne problem
areas within the radiotel ephone 103. A fail-safe systemis also enployed to
prevent damage to a battery by deep discharge if the sense contact 109 is
broken or m saligned. The radiotel ephone transcei ver 103 assunes | ow
battery alert 15 and turn off default values so chosen that no damage w ||
occur to any of the various battery types used in the system A simlar

met hod of detection is used to set the transmtter power step anount (see
Fig. 6b) to establish the battery terninal %bltage versus |evel of charge
characteristics 20 stored for particular battery types (see Fig. 6c¢).

Li kewi se, the tter C e, hyster.esis ti,ne _constant. an xpect ed
vol t age step fg&?' eac% .iﬁ%?(?riygu?g‘? d&é%(‘fstgf ' %?a“f‘%‘é"ee AT %laﬁmngyteoﬁe
sel ected. A pordeierminingi whick piypaeof rkatteryi isecouplednty aitbattery charger, nor e

of these meshods si Ryhé@IOtHd YnkinL fde! ersblid® £SpraBkicthihbe Gﬁ&rai‘itn'rgng
characteristics_of trtlel_ port abl e radi ot etéarphong .Aransceiyer. The genefal
shape of the bRTEPF¥erMHRISTY) 15885 vEYTs f0a ling o Ay PESAGIGEMINGR,  battery
characteri sti ceharginghemmtiol imehgr bptienf dhiagger7 coSespordingats esaid t bamesryar e
represented in g .three 30 curves shown. The nethod enpl oyed by _
m cr opr ocessor 1 of a battery charger enploying the present invention is
shown in the flowhart of Fig. 8. Upon determning that a battery is

pr esent 10 9. A battery type detector in accordance with claim 8 wherein

said means for enabling a predetermined battery charging control is
further characterised by means for selecting one of at least two
temperature cutoff thresholds.

15 10. A battery type detector in accordance with claim 8 wherein
said means for enabling a predetermined battery charging control is
further characterised by means for selecting one of at least two
voltage cutoff thresholds.

20 11. A battery type detector in accordance with claim 8 wherein
said means for enabling a predetermined battery charging control is
further characterised by means for selecting one of at least two
battery charge rate switch points at which switch point the battery
charger switches from high charge rate current to low charge rate

25 current.

12. A battery type detector in accordance with claim 8 wherein
said means for enabling a predetermined battery charging control is
further characterised by means for selecting one of at least two

30  Dbattery charge times.
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16 at step 803, the detector output is read and the battery type is

determ ned at step 805. The optinum battery charge rate is determned from
the nmenory of mcroprocessor 401 fromthe | ook-up table, at step 807. The

| ook-up table in the nmenory of 5 m croprocessor 401 is further searched to
find the charge controls for the particular battery type determ ned at step
805, in step 809. In the preferred enbodi nent, the charge control
paranmeters and val ues used in the battery charging process are shown in
Tabl e 3. The battery is then charged at thearate 10 determ ned fromthe
charge rate | ook--up table and with the controls also determined fromthe
control |ook-up table, at step 811. Therefore, a battery type detector has
been shown and 15 desmethosd foDidetennaiming awhishy typepof batkaryi is ¢ouplede o

di schar gi ng andsebéatid Equipment, e Ehatactsriselo byPithdl @gpdadftery use and

lifetime in_battery power.ed equi pnent,. operati characteristics of the
battery powered equipg WHng, a ergralined ong. dﬁneﬁ“r&%{yh of hSeTiE g?:“te%
battery type. ldokesspeading td0a bpttery zgypbattery chargi ng operations, charge
control paraneters L LYidC Ba 1 idfl &hsh NeIEROTfRNCe wWith a
detected battery ty(gfg.t&ahl (%decg 59@{} gr gg@g |m=,=nts 011‘c tﬁ ﬂﬁpenti on has

A a partic é |n
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nmodi fications may be nmade without departing fromthe true spirit of the
invention. It is therefore contenplated to cover the present invention, and
any and all such changes and nodifications, by the appended clains. 30

17 TABLE 2 BATTERY OPERATED EQUI PMENT PARAMETERS 5 DEFAULT TYPE A TYPE B

TYPE C TYPE N Low Bat Warning Threshold 1 0O Recei ve Mode 5. 80
5.75 5. 65 5. 60 5.80 Low Bat Turn Of Threshold Recei ve Mde

5.20 5.20 520 5.20 5.10 15 Low Bat Warni ng Threshold
Transmt Mode 5.50 5.50 5.40 5.30 5.35 20 Low
Bat Turn O f Threshold Transnit Mode 23 520 5.20 520

5.10 5.10

METHOD AND APPARATUS FOR DETERMING
BATTERY TYPE AND MODIFYTING OPERATING
5 CHARACTERISTICS

Abstract of the Invention
A battery type detector for battery-using and battery-
10 charging equipment is disclosed. Operational characteristics of the

using and charging equipment are modified in accordance with the
battery type detected.

Figs. 1 and 2 accompanies this abstract.



Low Battery Threshol 25 Hyst er esi s Const ant 0. 40 0. 40 032

0.20 025 Charge State Paraneter(s) H gh’ 6. 05
6.05 6.55  5.85 5.90 30 Low | 5. 65
5.65 6. 05 5.35 5.50 Max Transm tter QdB -3
-1 0 0 Power CQut put -3 -4 -3
-2 0 Paraneter(s) -6 -6 -5 -4
0 35 TX Hysteresis Vol tage 0.1 0. 08 0.15 0. 20
0.10 40 18 TABLE 3°'5 BATTERY CHARCGER CHARGE CONTROLS PARAMETERS DEFAULT
TYPE A TYPE B TYPE C TYPE N Hi gh Change Rajlyy 0 (Current Level) Om
400mA 60 MA 700 mA 2000 mA Low Charge RAte om 60 M 80
m 10 mA 150 mA 15 Tenpefdt Jf qut ¢f f 40C 45C  55C
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20 High to Low Charge Rate Vol gate Switch ov Di sabl ed i sabl ed
Di 5abl ed 7.9V Point 25 Tiner Om n Di sabl ed 10 hrs.
8 hrs. Disable Charge Mt hod No Charge DV Vol t age Tenp.
Tenmp 30 and Cutoff Cutoff
Cutof f Tenp. and and and Cutoff Tenp. Tinmer Voltage Dual
Cut of f  Dual Cut of f 35 Rat e Ti mer
Rat e Rat e Change Vol tage Dual 40 45 50 19 CLAIMS 5 1. A battery
type detector for determ ning which type of battery is coupled to
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means for providing a predetermned one of a plurality of sense |evels
corresponding to a battery type; neans for detecting said one of a
plurality of sense levels; and 10 means, responsive to said neans
for detecting, for enabling a predeterm ned operating paraneter of the
associ at ed equi pnent corresponding to said battery type. 2. A battery
type detector in accordance with claim 1 wherein 1 5 said neans for
produci ng a predeterm ned one of a plurality of levels is further
characterised by a regul ated voltage, a first resistor disposed within a
housi ng of the associ ated equi pnent and gizygpnd resi stor having a
resi stance selected in accordance with s attery type and di sposed
wi thin a housing of the battery, said battery 20 housing having positive,
negative, and sense term nals disposed thereon, and said first resistor
coupl ed between said regul(aggdrosm-oRdy-®0d sai d sense termnal and said
second resistor coupl ed be ’ ense termnal and said negative
termnal. 25 3. A battery type detectore@B accordance with claim 1 or 2
wherein said nmeans for|enafipn@ergcior t hqr characterised by a
M Croprocessor Whi Ch 1 Gluimsids a¥ae adi at ed m croprocessor nenory a
predeterm ned battery term nal yoltage corresponding to said battery type
at which predeterm ned battery tenugnaggeol tage a 30 user perceplighje
i ndication of a | ow battery thdE¥ELCO o|1+a. i 0T ¥8N71o Juanul Pafftery type
| BETWEEN 0 &,V 2>» Mer el frsyakFytiRens f

retri eyes

61ty
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neany‘a predeterm ned battery term nal voltage corresponding to said
battery type at which predeternined battery term nal voltage the battery
power ed equi prment is turned off. 20 5. A battery type detector in
accordance with claim 1 wherein said neans for enabling a predeterm ned
operating paraneter is 5 further characterised by neans for indicating a
battery charge state, including: nmeans for detecting battery term na

vol tage; neans for associating said detected battery term nal voltage with
a battery charge state corresponding to said detected one of a 10
plurality of sense l|levels; and nmeans for 959nting said battery charge
state in user perceptible form 6. A battery type detector in accordance
with claim 1 for 15 deternining whi ch type of battery is coupled via
battery termnals to a batte wer-e( apparatus having a battery charge
state sensor, wherein the (e §URBr0§ pbi60dg a predeterni ned operating
paraneter conprises neans fC BT € g a value of battery voltage 2 0 at
the battery terminals cerre sajd battery type; and neans for
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sel ectéd val ue of battery voltage. 25 7. A battery type detector in
accordance with claim 1 for deternining which type of battery is coupled
to a battery powered radio transceiver, the transnitter of the radio
transcei ver havi ng adj ustabl e out put power, wherein the neans for enabling
a predeterm ned operating 30 paraneter conprises neans for selecting a
predeterm ned radio transmtter maxi mum out put power |evel versus battery

term nal voltage characteristic corresponding to said battery type. 21
8. A battery type detector in accordance with claim 1 for determ ning
whi ch type of battery is coupled to a baE;p(y'charger, 5 wherein the

means for enabling a predeterm ned operatihg paraneter caonprises neans for
enabling a predeterm ned battery charging control in the battery charger

corresponding to said batt —310 A battery type detector in
accordance with claim 8\ RN eTURNSAN( Qﬁs for enabling a predeterm ned
i S

battery chargi ng control er characterised by neans for selecting

one of at |east two teppers
type detector in accor liancRE AR tDETE(ITé]Rm
predeterm ned battery Crfarg
for selecting one of at |east

IF LEVEL
BETWEEN 0 & V
?

resholds. 1 5 10. A battery
§ wherein said nmeans for enabling a
further characterised by nmeans
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vol tagé cutoff thresholds. 20 11. A battery type detector in accordance
with claim 8 wherein said neans for enabling a predeterm ned: battery
charging control is further characterised by neans for selecting one of at
~least two battery charge rate switch points at which switch point the

battery charger switches fromhigh charge rate current to | ow charge rate
25 current. 12. A battery type detector in accordance with claim 8
wherein said neans for enabling a predeterm ned battery charging control is
further characterised by neans for selecting one of at |least two 3 0
battery charge tines. A nethod orﬁgeternining whi ch type of
battery is coupled to § // aracterised by the steps of:
5 produci ng a preoetermned one of a plurality of sense |evels
corresponding to a batte Hpe—detegting said oneng% gtyral't f sense
| evel s; and enabling a Rf-ﬂ‘\@d@ R GRORed dperating para e?— t.héiaﬁci at ed
equi pnent correspono pJe 81 d pattery type in response 1 0 to said
detecting said one of a pI [ty of sense |evels.
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