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Pluses and Minuses
of "Smart" Batteries

lYe charged one of the world 's leading experts with explaining,
and here 's his plug ... er, report.

A speaker at a battery seminar remarked tbat, "The battery is a wild animal and artificial
intelligence domesticates it " An ordinary or "dum b " baClery has the inherent problem of
not displaying the amount ofreserve energy it holds. Neither weight, color, nor size provide an
indication of the battery's stete-ot-cherge (SoC) and sui te-ot-heslth (SoH). The user is at
the mercy of the battery when pulling a freshly charged battery from the charger.

market acceptance for high-end mo
bile phones. two-way radios. and
camcorders.

Most si ng le -wire systems do not
have a commo n form fac tor; ne ithe r do
they lend themsel ves to standard ized

Fig. 1. Single-wire system of a "smart"
battery. Only one wire is needed fo r data
communications. Rather than supplying
the clock signal f rom the outside. the bat
tery inc/mil'S an embedded clock genera
tor. For safely rea50n5. most battery
manufacturers TIm a separate wire for
temperatllre sells/Il g.
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commercial ize the concept of the hat
tery fuel gauge techn ology. Today,
se veral manu facture rs produce chips
to make the battery "smart."

D uring the carly nineties, numerous
"smart" batte ry architectures e merged .
T hey range from the single-w ire sys
tem to the tw o-wire sys te m and the
system management bus (S M Bus).
Most two-wire sys tems are based on
the 5 M Bus protocol. Let's look at the
sing le-wire system and the 5 MBus.

The single-wire hus

The sing le-wire system is the sim
pler of the two a nd deli vers the data
communicatio ns thro ugh one w ire . A
battery eq uipped with the sing le-wire
system uses only three wire s: the posi
tive and negative battery termi nals and
the data terminal. For safe ty reasons,
most battery manufactu rers run a scpa
rate wire fo r temperature se ns ing.
Fig. 1 shows the layout of a sing le
wi re sys te m.

Tbc modem sing le-wire system stores
battery-specific data and tracks battery
parameters, including temperature, vo lt
age , current, and remaining charge. Be
cause of sim plicity and relativel y low
hardware cos t, the sing le-wire e njoys

H
elp is at hand . An increasing
num ber of todays recharge
able batteries are being made

"smart:' Equ ipped with a microchip .
these batteries are able to communi
care with the charger and user a like 10

pro vide stat istica l informati on. Typical
applications for "smart" batteries arc
notebook computers and video cameras.
Increasingly, these batteries are also
used in advanced biomedical devices
and defense applicat ions .

There arc several types of "smart"
batterie s, each offering different com

ple xit ies. performance. and cost. The
most basic smart battery may only
contain a chip to identify its che mistry
and tell the charge r whi ch charge a l
gori thm to apply. O ther batteries
cla im to be smart simply because they
provide protection from overcharging ,
undcrdischarg ing and short-circuiting.
In the cyes of the Smart Battery Syste m
(SBS) forum. these batteries cannot be
called "smart."

What makes a battery "smart"? Defi
nitions still vary among organizations
and manufacture rs. The S BS forum
states Ihat a smart battery must be able
to provide SoC ind ications. In 1990,
Benchmarq was the first com pany to



intellectual properties, Fig. 2 shows
the layout of the two-wire 5MBus
system .

In spite of the agreed standard. many
large computer manufacturers , suc h as
IBM, Compaq. and Toshiba , have re
tained the ir proprietary batteries. The
reason for going their own way is
partly due to safety, performance , and
form factor. Manufacturers claim that
they ca nnot guarantee safe and e ndu r
ing performance if a nonbrand battery
is used. To make the equipme nt as
compact as possible. the manufactur
ers explain that the common form fac 
tor battery does not optimally fit their
available space. Perhaps the leading
motive for usi ng their proprietary bat 
terics is pri cing. In the absence of
competition. these batte ries can he
sold for a premium price.

The objective behind the S~IBus

bat tery is to remove the charge control
from the charger and assign it to the
battery, With a true 5 MBus system. the
battery becomes the master and the
charger se rves as a slave that mu st fo l
low the dictates of the batt ery. This is
based on concerns over charger qual
ity. compatibi lity with ncvv and old
battery che mistries. adm inistration of
the correct amount of charge currents.
and accurate full-charge detection .
Controlled chargi ng makes sense
when cons ide ring that some battery
packs share the same footprin t bU I
contain different chemistries.

The 5M Bus system allows new bat
tery che mistries 10 he introduced wi th
out the charger becoming obsolete .
Because the battery controls the
c harger. the battery manages the vo lt
age and curre nt levels. as well as cut
off thresholds. T he user docs not need
to know which battery chemistry is
be ing used.

An S~1Bus battery conta ins penna
nem and temporary data. The penna
nc nt data is programmed into the
battery at the time of manufacturing
and includes battery ID number. bat
tery type. serial number, manufacturer's
name, a nd date of ma nufacture. The
temporary data is acquired during use
and consists of cycle count, use r pat 
tern. and mai ntenance requireme nts.
Some of the temporary data is being

The 5MBus is the most complete of
all systems. It represents a large effort
from the portable e lectronics industry
to standard ize to one communications
protocol and one set o f data , The
5MBus is a two-wire interface system:
One wire handles the data: the second
is the clock , It uses the Fe defi ned by
Philips as its hackbone.

The DuracelJllntel SBS , whic h is in
use today. was sta ndardized in 1993,
In previous years, computer manufac
turers developed their ow n proprietary
"smart" batteries. With the new SBS
specification. a broader interface stan
dard is made possib le . Thi s reduces the
hurdles of interfering with paten ts and

for example . canno t measure c urre nL
directly; it must be extracted from a
change in capac ity over time .

On a further drawback. the single-wire
bus allows battery SoH measu rement
only whe n the host is "married" to a
designated battery pack , Such a fi xed
host-battery relationshi p is fea sible
with notebook computers. mobile
phones. or video came ras. provided the
appropriate OEM battery is used. Any
discrepancy in the bat tery type from
the orig ina l will make the sys tem un
reliable or will provide false readings.

The S~lBus
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Fig. 2. TII"O' IIH e SA/HI/ .{ SHtem. Th e

5MBlIs IS baud 011 (/ ,wo-wlre S\'stem /15

/11 8 a standardized COIII lII lIlIICa tlO/lS proto
co l. This ,f ,\'stC'llI lend» itsel f 10 standard
ized state-of -charg e (///(1 .'i lllte-ol-liealill
Il1l'l/ SIIr£'ll/ents.

SoH measurements, This produces prob
lems for a universal charger concept.
The Bcnchmurq single-wire sol ution.

Photo A. 35- and 202· j eries "smart " baneries featuring SJ / Bus. Ami/able in NiCd,
NiMH, and l.i-ion chemistries, these batteries are used f or laptops, biomedical instru 
ments, and survey equipment. A 1I011-S.\I8I1S ("dumb") version with same [ootprinr is
also available.
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[0 0 0 . 1
A more serious drawback is mainte

nance requirements . bette r known as
capacity re learn ing. T his is needed on
a regular basis to calibrate the battery,
The engineering manager of Mol i En
ergy, a large Li-ion ce ll manufacturer,
commented. " With the Li-ion we ha ve
eliminated the memory effect. but are
we introducing digita l memory with
the 5 MBus battery?"

Why is calibration needed? The an
swer is to co rrect the tracking errors that
occur between the battery and the d igital
sensing circuit during usc . The most
ideal battery usc, as far as fuel-gauge ac
curacy is concerned. is a fu ll charge fol
lowed by a fu JI d ischarge at a constant
IC rate. In such a case, the tracking error
would be less than I% per cycle, In real
life, ho we ver, a battery may be dis
charged for only a few minutes at a time
and commonly at a lower- Cerate than Ie.
Worst of all. the load may be uneven and
vary drastically. Eventua lly. the true
capacity of the battery no longer syn
chronizes with the fuel gauge and a fu ll
charge and discharge is needed to
"re learn" or ca librate the battery.

How often is calibrat ion needed'!
The answer lies in the type of battery
application. Fo r practica l purposes, a
calibration is recommended once e v
ery three months or after e very 40
short cycles . Long sto rage also con
tributes to errors because the circuit
cannot accurately compensate for self
discharge. Alk..'f extensive storage, a cali
bration cycle is recommended prior to
use.

Many batteries undergo period ic fu ll

,. ,. 3. •• 50 •• 7• a. •• '00 %

50% 20% 30%
Usatle Capacity Empty Usabla capacity

Actual energy available. R_geable can no klnger be
portim. ,.dll_ged.

but customers pre fer these econo my
•

c hargers because of lower price .
Serious industrial battery users operat

ing biomedica l instruments. data co llec
tion de vices, and survey equipment.
use Level 3 chargers with full-fledged
charge protocol. No s hortc u ts are ap
plied . To e nsure compa tibility, the
c harger and battery are matched a nd
only approved packs are used. The
need to test and approve the marriage
between a specific buucry and charger
is un fortunate, given that the "smart"
battery is intended to be unive rsal.

Among thc most popular 5 MBus
batteries for portable computers are
the 35 and 202 form factors. Manufac
tured by Sony, Hitachi, GP Batteries,
Moltech. Moli Energy. and many ot h
ers. the se batteries work (shou ld work)
in all portable equipme nt designed for
th is system. Photo A shows the 35
a nd 202-scries "smart" batteries . A l
though the 35 has a smalle r footprint
than the 202. most chargers accommo..

date both sizes. A non-SMBus C'dumb'')
version with the same footprint is also
available.

Xegatives of the "smart" batter)"

T hc "smart" battery has some no
table downside s, one of which is pri ce.
An 5MBu s battery costs about 25%
more than its "dumb" equivale nt. In
add ition. the "smart" batte ry was in
tended to simplify the c harger, hut a
full-fledged Leve l 3 c harger costs sub
stantially more than a regular dumb
model.

Fig. 5. Tri-state f uel gauge. The Battery Health Gauge reads the "learned " ba tte ry
information availab le on the SMHII,\' and displays it 011 a multicolored LED bar, The
illustration shows a pa rtially discharged battery of50% SoC with a 20% empty portion
and all unusable portio" of 30%.

"...

Empty Zane
Can be refilled

Rock Content
Unusable. can
00 klnger store
enOJllY

".."
Fig. 3. State-of-charge readout of a
"m um " batte ry. Altho /lgh the slate-of
charge is displayed, the state-of-health
and its predicted runnme are unknown.

rep laced and rene wed during the life
of the battery.

The SMRus is divided into Le vel I,
2. and 3. Le vel I has been eliminated
because it docs not provide che mistry
independent charging. Leve l 2 is de
signed for in -circuit charging. A laptop
thai cha rges its battery within the unit
is a typical example of Level 2. An
other Level 2 application is a hattery
that contains the charging circuit
within the pack. Le \'c1 3 is reserved for
full -featured external chargers.

External Leve l 3 chargers arc com
plex and expensive . Some lower-cost
chargers ha ve emerged that accommo
date 5MBus batteries om are not fu lly
SBS-complianll\.fanufacturers of 5M Bll'i
batteries do not fully endorse thi s
shortcut. Safety is al ways a concern.

Fig. 4. Battery charge capacity. Three
imaginary sections ofa battery consisting
of (top to bOifOm) available energy. empty
:::Olle, and rock COli tent. With usage and
age, the rock content grows, Without regu
lar maintenance. the user may end Ill' car
rying rocks instead ofbatteries.
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Photo H, The Culex SM2+ charger. This Level 3 charger serves
as charger. conditioner and quality control system. It reads the
battery's true state-of-heaitli and flags those that fa fl below the
set targer capacity. Each bay operates independent ly and
cha rges NiCd, NiMH, and Li-icn chemistries in approximately
three hours. "Dumb" hatteries can also be cha rged. but no
SoH information is available,
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discharges as part of reg ular use . If this
occurs regu larly, no addit ional calibra
tion is needed. If a full discharge reset
has no t occ urred for a few months and
the user noti ces the fue l gauge losing
accuracy, a del iberate full discharge on
the equipment is recommended. Some
intelligent equipment ad vises the user
when a cali brating discharge is needed.
This is done hy measuri ng the track ing
error and es timating the disc repancy
between the fue l gauge reading and
that of the chemical battery.

What happens if the battery is not
calibrated regularly? Can such a bat
tery be used in confi dence'! Most
"smart" battery chargers obey the dic
tates of the chemical ce lls ra the r than
the electronic circ uit. In this case, the
battery will fully charge regard less of
the fuel gauge se tt ing . Suc h a batte ry
is ab le to function norma lly, hut the
digi ta l readout wi ll become inacc u
rate . If not corrected. the fue l gauge
information simply becomes a nuisance .

., ," .
, .1,

!-l"

An additional problem with the
5 M Bus battery is noncompliance. Un
like other tightly regulated standards,
the 5M Bus protocol allows some
variations . This may cause problems
with existing chargers and the 5M Bus
battery should be checked for compat
ibili ty before use. Ironically, the more
features that are added to the 5MBus
charger and battery, the higher the
likeli hood of incompatibili ties.

The need to test and approve the
marriage betwee n a specific battery and
c harger is unfortunate , given the assur
ance that the 5MBus battery is intended
to be un iversal. Iron icall y. the morc
featu res offered on the 5 M Bus
c harge r a nd the battery, th e higher
the like lihood of incompati biliti es.

The state-of-charge indicator

Most 5M Bus batte ries are equipped
with a charge le vel indicator. When
pressing an SoC button on a battery
that is full y c harged, a ll signal lights

illuminate . On a
partially discharged
battery, ha lf the
lights illuminate,
a nd on an empty
battery, all li ghts
remain dark . Fig.
3 shows such a
fuel gauge.

While SoC in-
formation displayed
on a battery or
computer sc reen
is helpful , the fuel
gauge resets to
100% each time
the battery is re
charged, regardless
of the battery 's
SoH. A serious
miscount occurs
if an aged battery
shows 100% after
a fu ll charge, when
in fact the charge
accepta nce has
dropped to say
50% or less. The
question remains:
" 100% of what?"
A user unfamiliar
with thi s battery

has littl e information abo ut the
runtime of the pack .

How can the three levels of a battery
be measured and made visible to the
user'! While the SoC is re latively
simple to produce, measuring the SoH
is more complex. Here is how it
works:

At time of manufacture, each
5MB us batte ry is g iven its specified
SoH status, which is 100% by defaul t.
This information is permanently pro
grammed into the pack and does not
change. With each charge, the battery
resets to the fu ll-charge status. During
discharge , the energy units (coulombs )
are cou nted and compared against the
100% sett ing. A perfect battery would
indicate 100% on a calibrated fuel
gauge . As the battery ages and the
charge acceptance drops. the SoH be
gins to indicate lower readings. The
di screpancy between the factory-set
100% and the actual deli vered cou
lombs on a fully discharged battery is
used to calculate the SoH.

Knowing the SoC and SoH. a simple
linear display can be made. The SoC is
indicated with gree n LEDs; the empty
part remains dark : and the unu sable
part is shown with red LEDs. Fig. 5
shows suc h a tri- state fuel gauge . As
an alternat ive , the co lored bar disp lay
may he rep laced wit h a numeric dis
play indicating SoH and Soc. T he
practical location to place the tri-state
fuel gauge is on the charger.

The target capacity selector

For users who simply need a go/no
go answer, chargers are availabl e that
feature a target capacity selector. Ad
justable to 60%, 70%, or 80%, the
ta rget capaci ty se lec tor acts as a per
formance check and flags batteries that
do not meet the set requirements.

If a battery fall s bel ow target, the
charger triggers the condition light.
The user is prompted to press the con
dition bu tton to calibrate and co ndition
the battery by applying a charge/dis
charge/charge cycle . If the battery
docs not recover, a fail light indicates
that the battery should be replaced.
The green ready light at the e nd of
the service reveal s full charge and
e nsures that the battery meets th e



requi red performance level. Photo H illustrates a two-hay
Cadex charger featuring the target capacity selector and
discharge circuit. This unit is based on Level 3 and services
hoth SMAus and "dumb" batteries. SoH read ings arc only
avai lable when servicing S~1Bus batteries.

By allowing the user to set the desired battery performance
level, the question is raised as to whur level to select. The an
swer is governed by the applications. reliability standards, and
cost policies.

A pract ical target capacity setting for most applica tions is
80%. Decreasing the threshold to 70% will lower the per
fonnance standard hut pass more batteries. A direct cost
saving will result. The 60% level may suit those users who
run a low budget operation. have ready access to replace
ment batteries, and can live with shorte r, less predictab le
runt imes. It should be noted that the batteries are always
charged to 100%, regard less of the targe t selling. The target
capacity simply refers to the amount of charge the battery
has de livered on the last discharge .

C helsea Clock

Olockmakers since 1897
The choice of The Coast
Guard Foundation.

Quartz Clock

4~ Dial

Beautifully hand-polished.

Stamped brass case an d
beze l.
Curved glass crystal.

Wall or bulkhead mounting.

Made so well they last lrom
generation to generation!

Order this month and save
S20!

Your price 575

Omega Sales

P.O. Box 376

Jaffrey NH 03452

1-800-467·7237
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Sum mar)"

SMAus battery technology is predominantly used for
higher-level indu stria l applica tions. Improvements in the
"smart" battery system, such as higher accuracies and self
calibration will likely increase the appeal of the "smart"
battery. Endorsement hy large software manufacturers such
as Microsoft will entice PC manufacturers to make full use
of these powerful fea tures.

"Smart" battery technology has not received the wide
spread acceptance that battery manufacturers had hoped
for. Some engineers go so far as 10 suggest that the 5MBus
battery is a "misguided principle." Design engineers may not
have fully understood the complexity of charging batteries in
the incubation period of the "smart" battery. Manufacturers
of 5MBus chargers arc left to clean up the mess.

One main drawhack of the "s mart" battery is high price.
In the early 1990s. when the 5 MBus battery was conceived.
price was not as critica l as it is tod ay. Now, buyers want
scaled down prod ucts tha t are economica lly priced and per
form the functions intended . In the competitive mobile
phone market, for example. the features offered by the
SM13 us would be considered overkill.

In spite of tee thing problems and relative high costs. the
"smart" battery will continue 10 fill a critical market seg
ment. Unless innovative improvements arc made and manu
facturing costs arc drastically reduced. this market will be
reserved for high-level industria l applica tions only.

About the a uthor

Isidor Buchmann is the founder and CEO of Cadex Elec
tronics Inc.. in Richmond (Vancouver). Brit ish Columbia,
Canada. Mr. Buchmann has a background in radio commu
nications and has studied the behav ior of rechargeable bat
teries in pract ica l. everyday applications for two decades.

Con tinued on page 58

If you're a No-Code Tech, and you're having fun
operating, tell us about it! Other No-Code Teehs
will enjoy reading about your adventures in ham
radio-and we' ll pay you for your articles. Yes, lots
of nice clear photos, please. Cal l Joyce Sawtelle
at 800-274-7373 to get a copy of "How to Write
for 73 Magazine."

r

•
/

73 Amateur Radio Today · April 2003 41



About the company

Pluses and Minuses of "Smart"
Balleries
conl.inuedjrompage 41

Contacts v ia SO-50

Whi le most other FM satellites have a
continuous downlink when active, SO-50 is
more like an FM repeater with a very short
squelch tail. This means that if you simply
listen for the satellite, you may hear nothing

HR!'1SRTS
conlinuedjrompage 47

joined the UN committee for space research
for peaceful purposes.

The ham -radio portion of SO-50 is a
Mode-J (two meters up and 70 em down)
FM transponder. Both uplink and downlink
antennas are simple quarter-wave whips,
one on top and the other on the bottom of
the space frame. Power output on 70 em is
250 mW. The satellite was tested during the
firs t week of January, 2003. and was subse
quent ly re leased for ham operation. The
upl ink is on 145.850 MHz. Since SO-50
shares the same uplink with AMRAD-OS
CAR-27 and Saud i-OSCAR-4 1. the new
hamsat requires that users transmit a cress
tone of 67 HI'. for access. The downlink is
on 436.800 MHz.

I mentioned last time around about the
new PIC mode in MixW MFSK, and I pre
dicted we would be standing in line to use
it . Well . yesterday that was as near true as 1
have seen. There were tru ly wa ll-to-wall
signals just above the 14.080 frequency
where most of the PIC action occurs. But,
possibly. it was j ust a busy day for digital. I
looked in on the PSK3 1 area and it was
nea rly as bad (or goodj) even though the
signal width is more accommodating for
more users.

Anyway, there have been some of us
who had problems getting rid of (he slant

Those pictu res on t he MF5 K

THE BI61TRL PORT
c.ontinuedjrom page 46

log program but have not yet looked into its
workings. Logs are important to most of us,
and I am sure the re is one available to an
swer our needs .

Incidentally, the litt le log sys tem is based
on a database that is available, free o f
course, and packaged with some Linux dis
tributions. Berkeley Database, I believe is
the name, and if it is in your Linux sys tem,
your log should work. I mu st be careful
making too many promises, as one ham to ld
me it needs to be the correct version of the
database. Another one of those Linux "if'
statements, and I do not recall what was
correct except I know I fell into it and came
up smelling good, which translate s to: I have
the correct flavor here.

As you ma y surmise. getting all thi s
syste m together and working was one great
challenge for me . Some hams were sur
prised that I had so many reversals. How
ever. it was quite a learning experience and
the pleasure to finally see it work is likely
much more profound than if it had gone
easily. I hope your introductory experience
with Linux is a bit smoother.

Note: This article conta ins excerpts

from the seco nd edition book entitled
Batteries in a Portable World - A
Handbook: on Rechargeahle Batteries
for Non-Engineers. In the book, Mr.

Buchmann evaluates the batteries in

e veryday us e and e x p la ins the ir
strengths and weaknesses in laymen 's

te rms. The 300-page book is avai lable

from Cadcx Electronics Inc . through

[book@cadex.com] , tel. 604-23 1-7777.

or most bookstores. For additional in 

formation on battery technology, visit

[www.buchmann.cal. Fa

in these lit tle images. And the slant was
very pronounced in certain cases. Mine
was a se rious problem which became a bit
embarrassing as I tried to sort it out.

I was one of those who was of the opi n
ion I could use the "seat-of-the-pants" ap
proach and eventually come out on top.
Well. you can' t - especial ly if your card
settings arc as out of whack as mine were. I
got the receive slant seemingly well under
control by-guess -and-by-gosh, but there was
no way the transmit was even going to come
close.

So eventually. the news came along, origi
nally by a post on the MixW retlector from
Nick UT2UZ. how to accomplish straight

f-- - ------- - - - - - - - ---1 ening the crooked pictures . It invo lves a
basic, having to do with setting thc sample
rate on the soundcard at 11025 and not devi
ating from that setting. Then adj usting the
RX ppm setting by usc of the WWV me thod
prescribed in the Help File. Finally, calcu
late the TX ppm by using a loop-back TX
to RX with a calculator provided in the
Mtxw software that gives you the constant
LO finish the job. I did it and was surprised
- more than pleasantly. Perfection. I have
included the instructions on my Web site for
these adjustments.

That's about a ll for this month. Have fun.
and keep those digi tal fires burning. 73, Jack
IKB7NO@att .net ]. Fa

The tried and true KT34 series antennas have
been made better using the lates t compute r
modeling and mechanical design techniques to
provide you with the best tribander performer
available today. Just take a look!

Contact us for our new catalog of
ALL the goodiesfl
Can't wait? Visit our Website
@m2inc.com

•

INCREASED FRONT TO BACK
INCREASED GAIN
MECHANICALLY SUPERIOR
ELECTRICALLY SUPERIOR
LOWER WIND LOAD THAN COMPETITORS
LESS WEIGHT THAN COMPETITORS
RATED AT 100 MPH WIND SURVIVAL
AND OF COURSE. NO POP RtVETS , --::;_ --, 1

Cadex Electronics Inc . is a world

leader in the design and manufacture

of advanced battery analyzers and charg

ers, Their award-winning products are
used to prolong battery life in wireless

com munications, emergency services.

mobile computing, avionics, biomedical,

broadcasting. and defense. Cadex prod
ucts are sold in over 100 countries.

The author of many article s and books

on battery maintenance technology,

Mr. Buchmann is a well-k nown speaker

who has del ivered technical papers

and presentations at sem ina rs and

conferences around the world .
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