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Smart batteries 

A. K. Shukla* and B. Hariprakash 
 
At present, smart batteries are primarily required for the laptop computers, which must squeeze 
more performance into smaller packages while increasing battery life at the same time. To achieve 
these goals, the designer must incorporate new methods of optimizing system power consumption 
and available battery capacity. As battery-management techniques mature and become more 
common, application regime of smart batteries will extend beyond the laptop computers to other 
portable devices, in medical electronics, portable test equipment and other battery-powered 
systems.

A battery is a device, which enables the energy liberated 
in a chemical reaction to be converted directly into elec-
tricity. Batteries are primarily used (a) as portable sour-
ces of electric power for mobile phones, for the starting, 
lighting and ignition in vehicles with internal combustion 
engines, electric vehicles and other similar applications, 
and (b) in the industrial market, such as emergency 
power supplies for public safety and biomedical applica-
tions, aviation, defence, load levelling or in conjunction 
with certain renewable energy sources, namely solar, 
wave or wind power, for energy storage and its retrieval 
on demand. Beginning with the invention of lead-acid 
battery by Gaston Plantè in 1859, a variety of battery 
chemistries have been developed and marketed. Although 
each of these battery systems offers distinct advantages, 
none provides a fully satisfactory solution. However, 
with today’s increased selection, better choices can be 
applied to suit a specific user application to best avail the 
effective battery capacity window (Figure 1)1. 
 The battery most commonly known to us is the dry 
cell, which we use in our radio sets or torches. These are 
purchased in their charged state and discharged through 
use, and then discarded. Such cells are known as primary 
cells. The growing need for recycling resources requires 
that the discharged battery should be reusable a large 
number of times. This requires secondary (or recharge-
able) batteries with long charge/discharge cycle lives. 
 Currently, three types of rechargeable batteries, namely 
nickel–cadmium (Ni–Cd), nickel–metal hydride (Ni–MH) 
and lithium-ion (Li-ion), are being used as portable power 
sources. Ni–Cd batteries represent the best possible bala-
nce between specific energy, specific power, cycle-life 
and reliability. But, Ni–Cd cells suffer from the memory 
effect, a phenomenon that burdens the user with having to 
at least occasionally follow a time-consuming recharging 
regime in order to maintain their rated capacity. Besides, 

cadmium is an awful poison that can contaminate the 
environment. The unpopularity of cadmium has encou-
raged the development of Ni–MH batteries. Ni–MH bat-
teries are not only cadmium-free, but can also store more 
energy than comparably sized Ni–Cd units. On the down-
side, Ni–MH batteries deliver less power and have a faster 
self-discharge rate. Therefore, attempts have been focu-
sed on lithium, which is the lightest and most reactive of 
metals, for batteries. One of the most promising lithium 
secondary batteries is the Li-ion battery, which is the new 
standard for portable power. 
 An ordinary or ‘dumb’ battery has the inherent problem 
of not being able to display the amount of reserve energy 
it holds. Since the weight, colour and size of a battery do 
not provide any indication of its state-of-charge (SOC; 
the fraction usually expressed as a percentage of the full 
capacity of a battery that is still available for further dis-
charge) and state-of-health (SOH; a measurement that re-
flects the state-of-health of a battery, taking into account 
its charge acceptance, internal resistance, voltage and 
self-discharge), the user is at the mercy of the battery 
while pulling a freshly-charged battery from the charger. 
Therefore, an increasing number of rechargeable batteries 
are now being made ‘smart’, in order to ensure effective 
communication between the battery and the host device. 
 Various reasons for adopting smart batteries are2: (a) to 
prevent unexpected loss of power and shutdowns, (b) 
enable longer battery run-times, (c) enable precise indica-
tion of SOC of the battery, run-time remaining, time to 
full charge, etc., (d) provide a cost-effective advanced 
warning system by closely monitoring SOH of the battery 
due to effects of environment, age and wear, (e) enable 
battery performance trending and diagnostics, (f) assure 
safe, battery-controlled smart charging to get a full charge 
every time and minimize battery abuse due to overcharg-
ing, (g) improve cycle-life, (h) enable effective power-
management systems that take advantage of accurate  
information supplied by the battery, (i) design in battery 
chemistry independence and (j) permit remote battery 
monitoring. 
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Smart battery system 

A standard method of communication developed by bat-
tery manufacturers and microprocessor companies is the 
smart battery system (SBS) based on the system mana-
gement bus (SM Bus)3. The SM Bus provides the phy-
sical medium based on the inter-integrated circuit bus 
(I2C Bus, a two-wire open-collector multi-master/multi-
drop serial bus that uses clock and data signals to com-
municate with up to 127 devices on a single bus) and 
command protocols that support the transfer of information 
among smart battery system components4. Typical sche-
matic of a smart battery system5 is shown in Figure 2. 
Equipped with a microchip, these smart batteries com-
municate with the charger and user alike, to provide stati-
stical information pertaining to their chemistry, charge 
algorithm, protection against overcharging, under dis-
charge, short-circuiting and SOC/SOH indication6. The 
smart battery communicates with other devices such as 
the SM Bus host and the smart battery charger via two 
separate communication interfaces7. The first uses the 

SM Bus CLOCK and DATA lines, and is the primary com-
munication channel between the smart battery and other 
SM Bus devices. The smart battery will provide data when 
requested, send charging information to the smart battery 
charger, and broadcast critical alarm information when 
parameters (measured or calculated) exceed predeter-
mined limits within the particular smart battery. The other 
required communication interface is the secondary 
signalling mechanism or ‘safety signal’ on a smart bat-
tery pack connector. This is a variable resistance output 
from the smart battery which indicates when charging is 
desired. It acts as an alternate signalling method if the 
SM Bus becomes inoperable. It is primarily used by the 
smart battery charger to confirm correct charging. 
 Smart battery architectures with SOC read-out are cate-
gorized as the single-wire system, the two-wire system 
and the SM Bus architectures. Most two-wire systems are 
based on the SM Bus protocols. The single-wire bus and 
SM Bus protocols are briefly discussed in the following 
sections. 

Single-wire bus smart battery architecture 

The single-wire system of the ‘smart’ battery uses only one 
wire for data communication. A battery equipped with 
the single-wire system uses only three wires separately 
connecting the positive and negative terminals of the bat-
tery and the data terminal. For safety reasons, most bat-
tery manufacturers run an additional wire for temperature 
sensing as shown in Figure 3. Besides, rather than sup-
plying the clock signal externally, the battery includes an 

 
Figure 1. Schematic battery discharge curve depicting its effective 
capacity window. 

 

 
Figure 2. Schematic description of a typical smart battery system. 

 

 
 
Figure 3. Schematic description of single-wire bus smart battery 
architecture. 
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embedded clock generator. The modern single-wire sys-
tem stores battery-specific data and tracks battery parame-
ters, including temperature, voltage, current and remaining 
charge. Because of its simplicity and relatively low hard-
ware cost, the single-wire bus smart battery architecture 
enjoys a broad market acceptance in mobile phones, two-
way radars and camcorders. However, most single-wire 
systems do not have a common form factor and hence are 
not compatible with the universal charger concept [in ele-
ctric motor terminology, a form factor is the amount of 
rectified current emitted from a direct current (DC) power 
source and is expressed as a ratio of the root-mean square 
(rms) value of the current to the average (av) current, i.e. 
Irms/Iav. If the form factor differs much from pure non-
pulsating DC (a value of 1.0), it indicates the possibility 
that motor and brush life will be shorter]. Furthermore, the 
single-wire bus battery architecture allows battery SOH 
measurements only when the host uses a specified battery 
pack. Such a fixed host–battery relationship is feasible 
with notebook computers, mobile phones and video cam-
eras, provided the appropriate original equipment manu-
facturer (OEM, a company that uses product components 
from other companies to build a product that it sells under 
its own company name and brand) battery is used. Any 
discrepancy in the battery type from the original type will 
make the system unreliable or will provide false data. 

SM Bus smart battery architecture 

The SM Bus smart battery architecture is based on a two-
wire system using a standardized communications proto-
col (Figure 4). Unlike the single-wire bus smart battery 
architecture, this system provides standardized SOC and 
SOH measurements. The SM Bus smart battery architec-
ture includes both the batteries containing the charging 
unit within the pack as well as the batteries with external 
charger. The SM Bus host is powered by a smart battery. 
It requests information from the battery and then uses it 
in the ‘power management scheme’ of the system and/or  
provides user information about the state and capabilities of 
the battery. The SM Bus host will also receive critical 
events from the smart battery when it detects a problem. In 
addition to the alarms sent to the smart battery charger, it 
receives alarms for end-of-discharge, remaining capacity 
and remaining run time below the user-set threshold value. 
Standardization of communication through SM Bus was 
further augmented by a set of data protocols for a smart 
battery, smart battery charger, system host and other SM 
Bus devices. The resulting set of standards has been adop-
ted by the industry and is now called the ‘smart battery 
system specifications’. This group of specifications details 
the methods of communication, protocols, and the data 
interfaces among various power management-related  
devices used in portable computing products. The down-
sides of the SM Bus smart battery systems are that these 
are costly and require serious maintenance. 

Smart battery charger 

The smart battery charger is a charging circuit that pro-
vides the smart battery with charging current and charg-
ing voltage to match the expected requirements of the smart 
battery. The battery charger periodically communicates 
with the smart battery and adjusts its charging characteri-
stics in response to information provided by the smart 
battery. This allows the battery to control its own charge 
cycle. Optionally, the smart battery charger may not allow 
the smart battery to supply power to the rest of the sys-
tem when the smart battery is fully charged and the sys-
tem is connected to AC power, thus prolonging the life of 
the battery. The smart battery charger will also receive 
critical events from the smart battery when it detects a 
problem. These include alarms for charging or tempera-
ture conditions when they exceed the limits set within the 
particular smart battery. A safety signal using a resis-
tance output from the smart battery is also used as a gat-
ing mechanism for battery charging. 

Electronic energy management and display 

Electronic circuitry is used to maximize battery service 
life by terminating the discharge as close as possible to 
the specified cut-off voltage. Terminating the discharge 
at too high a voltage will result in loss of a significant 
amount of battery capacity. By contrast, terminating it at 
too low an end-voltage discharges the battery beyond its 

 
 
Figure 4. Schematic description of SM Bus smart battery architecture. 
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safe cut-off and could cause permanent damage to the 
battery. A typical battery capacity window is shown in 
Figure 1. Similarly, on charge, accurate control, as dis-
cussed above, will enable a maximum charge under safe 
conditions without damage to the battery. 
 The smart battery electronics must continuously moni-
tor the internal cell voltage, temperature and the charge 
and discharge currents for a correct representation of the 
capacity, run-time, and SOC of the smart battery. The 
smart battery electronics must also know how the battery 
will perform under various conditions such as tempera-
ture, charge and discharge rates, etc.8. 
 By proper placement of a thermistor within the battery 
pack, a measurement of the temperature of the battery is 
available and Tmax, Tmin, ∆T/∆T or other such parameters 
can be established for charge control, along with –∆V 
information from the microprocessor. In addition, the 
battery temperature is sensed during discharge to control 
the discharge, e.g. loads are turned off to lower the bat-
tery temperature if excessively high temperatures are 
reached during the discharge. Discharge control is also 
provided to control such conditions as discharge rate, end- 
voltage, cell equalization and temperature management. 
Individual cells as well as the entire battery pack are moni-
tored to maintain cell balance during cycling9. 
 SOC indicators are commonly known as ‘gas gauges’, 
and provide estimates for the remaining battery capacity 
by factoring in variables such as the discharge rate and 
time, temperature, self-discharge, charge rate and dura-
tion. The remaining capacity is normally displayed by a 

sequence of illuminated LEDs or as a direct output to the 
device being powered. Data are collected during the life 
of the battery to update the database and, as required, chan-
ges are made to maintain optimum performance. 
 Early smart battery electronics used simple linear models 
for estimating battery performance characteristics which 
severely limited the accuracy in predicting the perfor-
mance of the battery, since it is not linear with respect to 
current drain and temperature. Similarly, self-discharge 
has a complex relationship and is influenced by tempera-
ture, time, state-of-charge and the discharge load at which 
it is measured. Figure 5 shows the nonlinear relationship 
of the rate of self-discharge with temperature and time for a 
metal-hydride battery10. It is seen that the self-discharge 
rate of the metal-hydride battery at SOC = 0.9 at 45°C  
is 3.5% per day. Besides, the performance of even the 
batteries using the same chemistry varies with design, size, 
manufacturer, age, etc. An appropriate algorithm will 
account for these relationships to predict the remaining 
service life and assuring safe operation of the battery. 

Summary 

Smart batteries offer promise for substantial improvements 
in battery technologies. However, smart batteries need 
tight-tolerance in their design for safety, maximum avai-
lable capacity and least abuse. Most smart battery appli-
cations today are limited to portable electronic equipment, 
but the need to develop larger ‘smart’ batteries for use in 
electric vehicles, robots, forklifts and automotives will 
emerge soon. 
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Figure 5. Self-discharge rate vs state-of-charge and temperature for a 
sealed nickel–metal hydride battery. 

 


