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Bush , to overcome the flaws brought to light by the electoral uncertainty in Florida in the
United States presidential election and in Ohio in the election. The commission was set up with
twenty-one members, including Lee H. It set out to spend six months examining the state of
elections and to offer recommendations on improving it. The panel suggested 87
recommendations in all in its page report. A major point was the commission's call for
nonpartisan professional and state oversight over elections. The panel noted that both the and
elections were marred by partisan, campaign-affiliated officials who held roles in the Bush
campaign and Florida and Ohio Secretary of State positions. Because the Secretary of State is
responsible for certifying votes, these conflicts of interest were deemed by the panel as
damaging to "confidence in elections". From Wikipedia, the free encyclopedia.
Recommendations [ edit ] The panel suggested 87 recommendations in all in its page report.
The New York Times. Retrieved 8 June Los Angeles Times. Rice University News and Media
Relations. Hidden categories: All stub articles. Namespaces Article Talk. Views Read Edit View
history. Help Learn to edit Community portal Recent changes Upload file. Download as PDF
Printable version. Add links. This American elections -related article is a stub. You can help
Wikipedia by expanding it. A lithium-ion battery or Li-ion battery is a type of rechargeable
battery. Lithium-ion batteries are commonly used for portable electronics and electric vehicles
and are growing in popularity for military and aerospace applications. Stanley Whittingham ,
Rachid Yazami and Koichi Mizushima during the sâ€”s, [10] [11] [12] and then a commercial
Li-ion battery was developed by a Sony and Asahi Kasei team led by Yoshio Nishi in In the
batteries, lithium ions move from the negative electrode through an electrolyte to the positive
electrode during discharge, and back when charging. Li-ion batteries use an intercalated lithium
compound as the material at the positive electrode and typically graphite at the negative
electrode. The batteries have a high energy density , no memory effect other than LFP cells [14]
and low self-discharge. They can however be a safety hazard since they contain flammable
electrolytes, and if damaged or incorrectly charged can lead to explosions and fires. Samsung
was forced to recall Galaxy Note 7 handsets following lithium-ion fires, [15] and there have been
several incidents involving batteries on Boeing s. Chemistry, performance, cost and safety
characteristics vary across types of lithium-ion batteries. Handheld electronics mostly use
lithium polymer batteries with a polymer gel as electrolyte , a lithium cobalt oxide LiCoO 2
cathode material, and a graphite anode, which together offer a high energy density. Such
batteries are widely used for electric tools, medical equipment, and other roles. NMC and its
derivatives are widely used in electric vehicles. Research areas for lithium-ion batteries include
extending lifetime, increasing energy density, improving safety, reducing cost, and increasing
charging speed, [18] among others. Research has been under way in the area of non-flammable
electrolytes as a pathway to increased safety based on the flammability and volatility of the
organic solvents used in the typical electrolyte. Strategies include aqueous lithium-ion batteries
, ceramic solid electrolytes, polymer electrolytes, ionic liquids, and heavily fluorinated systems.
A cell is a basic electrochemical unit that contains the electrodes, separator, and electrolyte. A
battery or battery pack is a collection of cells or cell assemblies, with housing, electrical
connections, and possibly electronics for control and protection. For rechargeable cells, the
term anode or negative electrode designates the electrode where oxidation is taking place
during the discharge cycle ; the other electrode is the cathode or positive electrode. During the
charge cycle , the positive electrode becomes the anode and the negative electrode becomes
the cathode. For most lithium-ion cells, the lithium-oxide electrode is the positive electrode; for
titanate lithium-ion cells LTO , the lithium-oxide electrode is the negative electrode. Lithium
batteries were proposed by British chemist M. Stanley Whittingham , now at Binghamton
University , while working for Exxon in the s. However, this rechargeable lithium battery could
never be made practical. When exposed to air, titanium disulfide reacts to form hydrogen
sulfide compounds, which have an unpleasant odour and are toxic to most animals. For this,
and other reasons, Exxon discontinued development of Whittingham's lithium-titanium disulfide
battery. Reversible intercalation in graphite [30] [31] and intercalation into cathodic oxides [32]
[33] was discovered during â€”76 by J. Besenhard at TU Munich. Besenhard proposed its
application in lithium cells. In , global lithium-ion battery production capacity was 20
gigawatt-hours. Industry produced about million cylindrical lithium-ion cells in ; the size is by
far the most popular for cylindrical cells. If Tesla were to have met its goal of shipping 40, Model
S electric cars in and if the kWh battery, which uses 7, of these cells, had proved as popular
overseas as it was in the United States, a study projected that the Model S alone would use
almost 40 percent of estimated global cylindrical battery production during Annual flat polymer
cell demand was expected to exceed million in Batteries are used for grid energy storage and
ancillary services. For a Li-ion storage coupled with photovoltaics and an anaerobic digestion
biogas power plant, Li-ion will generate a higher profit if it is cycled more frequently hence a

higher lifetime electricity output although the lifetime is reduced due to degradation. Lithium
nickel manganese cobalt oxide NMC cells come in several commercial types, specified by the
ratio of component metals. As of [update] , NMC and NMC were the preferred low-cobalt types
for electric vehicles, with NMC and even lower cobalt ratios seeing increasing use, mitigating
cobalt dependency. The three primary functional components of a lithium-ion battery are the
positive and negative electrodes and electrolyte. Generally, the negative electrode of a
conventional lithium-ion cell is made from carbon. The positive electrode is typically a metal
oxide. The electrolyte is a lithium salt in an organic solvent. The electrolyte is typically a mixture
of organic carbonates such as ethylene carbonate or diethyl carbonate containing complexes of
lithium ions. Depending on materials choices, the voltage , energy density , life, and safety of a
lithium-ion battery can change dramatically. Current effort has been exploring the use of novel
architectures using nanotechnology have been employed to improve performance. Areas on
interest include nano-scale electrode materials and alternative electrode structures. Pure
lithium is highly reactive. It reacts vigorously with water to form lithium hydroxide LiOH and
hydrogen gas. Thus, a non-aqueous electrolyte is typically used, and a sealed container rigidly
excludes moisture from the battery pack. Lithium-ion batteries are more expensive than NiCd
batteries but operate over a wider temperature range with higher energy densities. They require
a protective circuit to limit the peak voltage. The battery pack of a laptop computer, for each
lithium-ion cell, will contain. Their design will minimize the risk of short circuits. Li-ion cells as
distinct from entire batteries are available in various shapes, which can [ according to whom?
Cells with a cylindrical shape are made in a characteristic " swiss roll " manner known as a
"jelly roll" in the US , which means it is a single long 'sandwich' of the positive electrode,
separator, negative electrode, and separator rolled into a single spool. The shape of the jelly roll
in cylindrical cells can be approximated by an Archimedean spiral. One advantage of cylindrical
cells compared to cells with stacked electrodes is the faster production speed. One
disadvantage of cylindrical cells can be a large radial temperature gradient inside the cells
developing at high discharge currents. The absence of a case gives pouch cells the highest
gravimetric energy density; however, for many practical applications they still require an
external means of containment to prevent expansion when their state of charge SOC level is
high, [] and for general structural stability of the battery pack of which they are part. Both rigid
plastic and pouch-style cells are sometimes referred to as prismatic cells due to their
rectangular shapes. Each form factor has characteristic advantages and disadvantages for EV
use. Since , several research groups have announced demonstrations of lithium-ion flow
batteries that suspend the cathode or anode material in an aqueous or organic solution. In ,
Panasonic created the smallest Li-ion battery. It is pin shaped. It has a diameter of 3. The
reactants in the electrochemical reactions in a lithium-ion cell are materials of anode and
cathode, both of which are compounds containing lithium atoms. During discharge, an
oxidation half-reaction at the anode produces positively charged lithium ions and negatively
charged electrons. The oxidation half-reaction may also produce uncharged material that
remains at the anode. Lithium ions move through the electrolyte, electrons move through the
external circuit, and then they recombine at the cathode together with the cathode material in a
reduction half-reaction. The electrolyte and external circuit provide conductive media for lithium
ions and electrons, respectively, but do not partake in the electrochemical reaction. During
discharge, electrons flow from the negative electrode anode towards the positive electrode
cathode through the external circuit. The reactions during discharge lower the chemical
potential of the cell, so discharging transfers energy from the cell to wherever the electric
current dissipates its energy, mostly in the external circuit. During charging these reactions and
transports go in the opposite direction: electrons move from the positive electrode to the
negative electrode through the external circuit. This energy is then stored as chemical energy in
the cell with some loss, e. Both electrodes allow lithium ions to move in and out of their
structures with a process called insertion intercalation or extraction deintercalation ,
respectively. As the lithium ions "rock" back and forth between the two electrodes, these
batteries are also known as "rocking-chair batteries" or "swing batteries" a term given by some
European industries. The positive electrode cathode half-reaction in the lithium-doped cobalt
oxide substrate is [] []. The overall reaction has its limits. Overdischarging supersaturates
lithium cobalt oxide , leading to the production of lithium oxide , [] possibly by the following
irreversible reaction:. Overcharging up to 5. This chemistry was used in the Li-ion cells
developed by Sony in The cell's energy is equal to the voltage times the charge. This is a bit
more than the heat of combustion of gasoline , but does not consider the other materials that go
into a lithium battery and that make lithium batteries many times heavier per unit of energy. The
cell voltages given in the Electrochemistry section are larger than the potential at which
aqueous solutions will electrolyze. Liquid electrolytes in lithium-ion batteries consist of lithium

salts , such as LiPF 6 , LiBF 4 or LiClO 4 in an organic solvent , such as ethylene carbonate ,
dimethyl carbonate , and diethyl carbonate. The combination of linear and cyclic carbonates e.
Organic solvents easily decompose on the negative electrodes during charge. When
appropriate organic solvents are used as the electrolyte, the solvent decomposes on initial
charging and forms a solid layer called the solid electrolyte interphase, [] which is electrically
insulating, yet provides significant ionic conductivity. The interphase prevents further
decomposition of the electrolyte after the second charge. For example, ethylene carbonate is
decomposed at a relatively high voltage, 0. Composite electrolytes based on POE poly
oxyethylene provide a relatively stable interface. Room-temperature ionic liquids RTILs are
another approach to limiting the flammability and volatility of organic electrolytes. Recent
advances in battery technology involve using a solid as the electrolyte material. The most
promising of these are ceramics. Solid ceramic electrolytes are mostly lithium metal oxides ,
which allow lithium ion transport through the solid more readily due to the intrinsic lithium. The
main benefit of solid electrolytes is that there is no risk of leaks, which is a serious safety issue
for batteries with liquid electrolytes. Solid ceramic electrolytes can be further broken down into
two main categories: ceramic and glassy. Ceramic solid electrolytes are highly ordered
compounds with crystal structures that usually have ion transport channels. Glassy solid
electrolytes are amorphous atomic structures made up of similar elements to ceramic solid
electrolytes, but have higher conductivities overall due to higher conductivity at grain
boundaries. Both glassy and ceramic electrolytes can be made more ionically conductive by
substituting sulfur for oxygen. The larger radius of sulfur and its higher ability to be polarized
allow higher conductivity of lithium. This contributes to conductivities of solid electrolytes are
nearing parity with their liquid counterparts, with most on the order of 0. An efficient and
economic way to tune targeted electrolytes properties is by adding a third component in small
concentrations, known as an additive. The numerous additives that have been tested can be
divided into the following three distinct categories: 1 those used for SEI chemistry
modifications; 2 those used for enhancing the ion conduction properties; 3 those used for
improving the safety of the cell e. During charging, an external electrical power source the
charging circuit applies an over-voltage a higher voltage than the battery produces, of the same
polarity , forcing a charging current to flow within the battery from the positive to the negative
electrode, i. The lithium ions then migrate from the positive to the negative electrode, where
they become embedded in the porous electrode material in a process known as intercalation.
The charging procedures for single Li-ion cells, and complete Li-ion batteries, are slightly
different. During the constant current phase, the charger applies a constant current to the
battery at a steadily increasing voltage, until the voltage limit per cell is reached. During the
balance phase, the charger reduces the charging current or cycles the charging on and off to
reduce the average current while the state of charge of individual cells is brought to the same
level by a balancing circuit, until the battery is balanced. Some fast chargers skip this stage.
Some chargers accomplish the balance by charging each cell independently. Periodic topping
charge about once per hours. Top charging is recommended to be initiated when voltage goes
below 4. Failure to follow current and voltage limitations can result in an explosion. Charging
temperature limits for Li-ion are stricter than the operating limits. Lithium-ion chemistry
performs well at elevated temperatures but prolonged exposure to heat reduces battery life.
During a low-temperature charge, the slight temperature rise above ambient due to the internal
cell resistance is beneficial. Although a battery pack [] may appear to be charging normally,
electroplating of metallic lithium can occur at the negative electrode during a subfreezing
charge, and may not be removable even by repeated cycling. Because lithium-ion batteries can
have a variety of positive and negative electrode materials, the energy density and voltage vary
accordingly. The open circuit voltage is higher than aqueous batteries such as lead acid ,
nickel-metal hydride and nickel-cadmium. Eventually, increasing resistance will leave the
battery in a state such that it can no longer support the normal discharge currents requested of
it without unacceptable voltage drop or overheating. Batteries with a lithium iron phosphate
positive and graphite negative electrodes have a nominal open-circuit voltage of 3. Lithium
nickel manganese cobalt NMC oxide positives with graphite negatives have a 3. The charging
procedure is performed at constant voltage with current-limiting circuitry i. In the past,
lithium-ion batteries could not be fast-charged and needed at least two hours to fully charge.
Current-generation cells can be fully charged in 45 minutes or less. In researchers
demonstrated a small mAh capacity battery charged to 68 percent capacity in two minutes and a
3, mAh battery charged to 48 percent capacity in five minutes. The device employed
heteroatoms bonded to graphite molecules in the anode. Performance of manufactured
batteries has improved over time. For example, from to the energy capacity per price of lithium
ion batteries improved more than ten-fold, from 0. The increasing demand for batteries has led

vendors and academics to focus on improving the energy density operating temperature ,
safety, durability, charging time, output power, elimination of cobalt requirements, [] [] and cost
of lithium ion battery technology. The following materials have been used in commercially
available cells. Research into other materials continues. The cobalt-based material develops a
pseudo tetrahedral structure that allows for two-dimensional lithium ion diffusion. Limitations
include the high cost of the material, and low thermal stability. Limitations include the tendency
for manganese to dissolve into the electrolyte during cycling leading to poor cycling stability for
the cathode. As of [update] , LiFePO 4 is a candidate for large-scale production of lithium-ion
batteries such as electric vehicle applications due to its low cost, excellent safety, and high
cycle durability. Electrolyte alternatives have also played a significant role, for example the
lithium polymer battery. Negative electrode materials are traditionally constructed from graphite
and other carbon materials, although newer silicon based materials are being increasingly used
see Nanowire battery. These materials are used because they are abundant and are electrically
conducting and can intercalate lithium ions to store electrical charge with modest volume
expansion ca. Various materials have been introduced but their voltage is high leading to a low
energy density. The tested half-cell achieved 1. The extensive Review Article by Kasavajjula et
al. In particular, Hong Li et al. To improve stability of the lithium anode, several approaches of
installing a protective layer have been suggested. These cracks expose the Si surface to an
electrolyte, causing decomposition and the formation of a solid electrolyte interphase SEI on
the new Si surface crumpled graphene encapsulated Si nanoparticles. Yet the formation of SEI
on Si still occurs. So a coating would be logical, in order to account for any increase in the
volume of the Si, a tight surface coating is not viable. In , researchers from Northwestern
University created an approach to encapsulate Si nanoparticles using crumpled r-GO, graphene
oxide. This method allows for protection of the Si nanoparticles from the electrolyte as well as
allow for the expansion of Si without expansion due to the wrinkles and creases in the graphene
balls. These capsules began as an aqueous dispersion of GO and Si particles, and are then
nebulized into a mist of droplets that pass through a tube furnace. As they pass through the
liquid evaporates, the GO sheets are pulled into a crumpled ball by capillary forces and
encapsulate Si particles with them. Polymer electrolytes are promising for minimizing the
dendrite formation of lithium. Polymers are supposed to prevent short circuits and maintain
conductivity. The ions in the electrolyte diffuse because there are small changes in the
electrolyte concentration. Linear diffusion is only considered here. The change in concentration
c , as a function of time t and distance x , is. The negative sign indicates that the ions are
flowing from high concentration to low concentration. In this equation, D is the diffusion
coefficient for the lithium ion. It has a value of 7. Li-ion batteries provide lightweight, high
energy density power sources for a variety of devices. To power larger devices, such as electric
cars, connecting many small batteries in a parallel circuit is more effective [] and more efficient
than connecting a single large battery. Li-ion batteries are used in telecommunications
applications. Secondary non-aqueous lithium batteries provide reliable backup power to load
equipment located in a network environment of a typical telecommunications service provider.
In such applications, li-ion battery users require detailed, battery-specific hazardous material
information, plus appropriate fire-fighting procedures, to meet regulatory requirements and to
protect employees and surrounding equipment. Batteries gradually self-discharge even if not
connected and delivering current. Li-ion rechargeable batteries have a self-discharge rate
typically stated by manufacturers to be 1. The rate increases with temperature and state of
charge. A study found that for most cycling conditions self-discharge was primarily
time-dependent; however, after several months of stand on open circuit or float charge,
state-of-charge dependent losses became significant. The self-discharge rate did not increase
monotonically with state-of-charge, but dropped somewhat at intermediate states of charge. Life
of a lithium-ion battery is typically defined as the number of full charge-discharge cycles to
reach a failure threshold in terms of capacity loss or impedance rise. Calendar life is used to
represent the whole life cycle of battery involving both the cycle and inactive storage
operations. Battery cycle life is affected by many different stress factors including temperature,
discharge current, charge current, and state of charge ranges depth of discharge. To avoid this
confusion, researchers sometimes use cumulative discharge [] defined as the total amount of
charge Ah delivered by the battery during its entire life or equivalent full cycles, [] which
represents the summation of the partial cycles as fractions of a full charge-discharge cycle.
Multiplying the battery cumulative discharge in Ah by the rated nominal Voltage gives the total
energy delivered over the life of the battery. From this one can calculate the cost per kWh of the
energy including the cost of charging. Over their lifespan batteries degrade gradually leading to
reduced capacity due to the chemical and mechanical changes to the electrodes. Some of the
prominent mechanisms include solid electrolyte interphase layer SEI growth, lithium plating,

mechanical cracking of SEI layer and electrode particles, and thermal decomposition of
electrolyte. Batteries may be refrigerated to reduce temperature effects. Pouch and cylindrical
cell temperatures depend linearly on the discharge current. The advent of the SEI layer
improved performance, but increased vulnerability to thermal degradation. The layer is
composed of electrolyte â€” carbonate reduction products that serve both as an ionic
conductor and electronic insulator. It forms on both the anode and cathode and determines
many performance parameters. Under typical conditions, such as room temperature and the
absence of charge effects and contaminants, the layer reaches a fixed thickness after the first
charge, allowing the device to operate for years. However, operation outside such parameters
can degrade the device via several reactions. Lithium-ion batteries are prone to capacity fading
over hundreds [] to thousands of cycles. It is by slow electrochemical processes, the formation
of a solid-electrolyte inter phase SEI in the negative electrode. SEI forms in between the first
charge and discharge and results in the consumption of lithium ions. The consumption of
lithium ions reduces the charge and discharge efficiency of the electrode material. If proper
additives are added to the electrolyte to promote SEI formation, the co-embedding of solvent
molecules can be effectively prevented and the damage to electrode materials can be avoided.
On the other hand, SEI is selective and allows lithium ions to pass through and forbids
electrons to pass through. This guarantees the continuity of charging and discharging cycle.
New data has shown that exposure to heat and the use of fast charging promote the
degradation of Li-ion batteries more than age and actual use. Five common exothermic
degradation reactions can occur: []. The SEI layer that forms on the anode is a mixture of
lithium oxide, lithium fluoride and semicarbonates e. This increases cell impedance and
reduces capacity. Extended storage can trigger an incremental increase in film thickness and
capacity loss. Charging at greater than 4. The randomness of the metallic lithium embedded in
the anode during intercalation results in dendrites formation. Over time the dendrites can
accumulate and pierce the separator, causing a short circuit leading to heat, fire or explosion.
This process is referred to as thermal runaway. Discharging beyond 2 V can also result in
capacity loss. The copper anode current collector can dissolve into the electrolyte. When
charged, copper ions can reduce on the anode as metallic copper. Over time, copper dendrites
can form and cause a short in the same manner as lithium. High cycling rates and state of
charge induces mechanical strain on the anode's graphite lattice. Mechanical strain caused by
intercalation and de-intercalation creates fissures and splits of the graphite particles, changing
their orientation. This orientation change results in capacity loss. Electrolyte degradation
mechanisms include hydrolysis and thermal decomposition. At concentrations as low as 10
ppm, water begins catalyzing a host of degradation products that can affect the electrolyte,
anode and cathode. Under typical conditions, the equilibrium lies far to the left. However the
presence of water generates substantial LiF, an insoluble, electrically insulating product. LiF
binds to the anode surface, increasing film thickness. LiPF 6 hydrolysis yields PF 5 , a strong
Lewis acid that reacts with electron-rich species, such as water. PF 5 reacts with water to form
hydrofluoric acid HF and phosphorus oxyfluoride. Phosphorus oxyfluoride in turn reacts to
form additional HF and difluorohydroxy phosphoric acid. HF converts the rigid SEI film into a
fragile one. On the cathode, the carbonate solvent can then diffuse onto the cathode oxide over
time, releasing heat and thermal runaway. Significant decomposition occurs at higher
temperatures. Cathode degradation mechanisms include manganese dissolution, electrolyte
oxidation and structural disorder. In LiMnO 4 hydrofluoric acid catalyzes the loss of metallic
manganese through disproportionation of trivalent manganese: []. Material loss of the spinel
results in capacity fade. Storage of a battery charged to greater than 3. As with the anode,
excessive SEI formation forms an insulator resulting in capacity fade and uneven current
distribution. Storage at less than 2 V results in the slow degradation of LiCoO 2 and LiMn 2 O 4
cathodes, the release of oxygen and irreversible capacity loss. The need to "condition" NiCd
and NiMH batteries has leaked into folklore surrounding Li-ion batteries, but is unfounded. The
recommendation for the older technologies is to leave the device plugged in for seven or eight
hours, even if fully charged. Li-ion batteries require a battery management system to prevent
operation outside each cell's safe operating area max-charge, min-charge, safe temperature
range and to balance cells to eliminate state of charge mismatches. This significantly improves
battery efficiency and increases capacity. As the number of cells and load currents increase, the
potential for mismatch increases. Lithium-ion batteries can be a safety hazard since they
contain a flammable electrolyte and may become pressurized if they become damaged. A
battery cell charged too quickly could cause a short circuit , leading to explosions and fires.
Lithium-ion batteries, unlike rechargeable batteries with water-based electrolytes, have a
potentially hazardous pressurised flammable liquid electrolyte, and require strict quality control
during manufacture. Short-circuiting a battery will cause the cell to overheat and possibly to

catch fire. Adjacent cells may then overheat and fail, possibly causing the entire battery to
ignite or rupture. In the event of a fire, the device may emit dense irritating smoke. While fire is
often serious, it may be catastrophically so. In addition, several aircraft crashes have been
attributed to burning Li-Ion batteries. UPS Airlines Flight 6 crashed in Dubai after its payload of
batteries spontaneously ignited, progressively destroying critical systems inside the aircraft
which eventually rendered it uncontrollable. To reduce fire hazards and increase battery safety,
research interest has grown to develop non-flammable electrolytes. Researchers are making
efforts to formulate safe non-flammable electrolytes with enhanced battery performances.
Promising options are:. If a lithium-ion battery is damaged, crushed, or is subjected to a higher
electrical load without having overcharge protection, then problems may arise. External short
circuit can trigger the battery explosion. If overheated or overcharged, Li-ion batteries may
suffer thermal runaway and cell rupture. To reduce these risks, many lithium-ion cells and
battery packs contain fail-safe circuitry that disconnects the battery when its voltage is outside
the safe range of 3â€”4. Lithium battery packs, whether constructed by a vendor or the
end-user, without effective battery management circuits are susceptible to these issues. Poorly
designed or implemented battery management circuits also may cause problems; it is difficult
to be certain that any particular battery management circuitry is properly implemented.
Lithium-ion cells are susceptible to stress by voltage ranges outside of safe ones between 2.
Exceeding this voltage range results in premature aging and in safety risks due to the reactive
components in the cells. Other safety features are required [ by whom? These features are
required because the negative electrode produces heat during use, while the positive electrode
may produce oxygen. However, these additional devices occupy space inside the cells, add
points of failure, and may irreversibly disable the cell when activated. Also, these features can
not be applied to all kinds of cells, e. High current cells must not produce excessive heat or
oxygen, lest there be a failure, possibly violent. Instead, they must be equipped with internal
thermal fuses which act before the anode and cathode reach their thermal limits. Replacing the
lithium cobalt oxide positive electrode material in lithium-ion batteries with a lithium metal
phosphate such as lithium iron phosphate LFP improves cycle counts, shelf life and safety, but
lowers capacity. As of , these 'safer' lithium-ion batteries were mainly used in electric cars and
other large-capacity battery applications, where safety is critical. IATA estimates that over a
billion lithium and lithium-ion cells are flown each year. Carriage and shipment of some kinds of
lithium batteries may be prohibited aboard certain types of transportation particularly aircraft
because of the ability of most types of lithium batteries to fully discharge very rapidly when
short-circuited , leading to overheating and possible explosion in a process called thermal
runaway. Most consumer lithium batteries have built-in thermal overload protection to prevent
this type of incident, or are otherwise designed to limit short-circuit currents. Internal shorts
from manufacturing defect or physical damage can lead to spontaneous thermal runaway. The
maximum size of each battery whether installed in a device or as spare batteries that can be
carried is one that has an equivalent lithium content ELC not exceeding 8 grams per battery.
Except , that if only one or two batteries are carried, each may have an ELC of up to 25 g. When
shipping lithium ion batteries however, if the total lithium content in the cell exceeds 1.
Although devices containing lithium-ion batteries may be transported in checked baggage,
spare batteries may be only transported in carry-on baggage. Some postal administrations
restrict air shipping including EMS of lithium and lithium-ion batteries, either separately or
installed in equipment. Such restrictions apply in Hong Kong , [] Australia and Japan. On 16
May , the United States Postal Service USPS banned shipping anything containing a lithium
battery to an overseas address, after fires from transport of batteries. The Boeing Dreamliner
uses large lithium cobalt oxide [] batteries, which are more reactive than newer types of
batteries such as LiFePO 4. Starting on 15 January , several major U. Several smart luggage
companies have been forced to shut down as a result of the ban. Since Li-ion batteries contain
less toxic metals than other types of batteries which may contain lead or cadmium, [] they are
generally categorized as non-hazardous waste. Li-ion battery elements including iron, copper,
nickel and cobalt are considered safe for incinerators and landfills. These metals can be
recycled , [] [] usually by burning away the other materials, [] but mining generally remains
cheaper than recycling. Since , the recycling yield was increased significantly, and the
recovering of lithium, manganese, aluminum, the organic solvents of the electrolyte and
graphite is possible at industrial scales. Lithium iron phosphate is cheaper, but has other
drawbacks. Lithium is less expensive than other metals used and is rarely recycled, [] but
recycling could prevent a future shortage. The manufacturing processes of lithium, nickel and
cobalt, the solvent, and mining byproducts present significant environmental and health
hazards. Manufacturing a kg of Li-ion battery takes about 67 megajoule MJ of energy. In , sales
of electric vehicles exceeded one million cars per year for the first time, resulting in at least ,

tons of unprocessed battery waste. Since the environmental impact of electric cars is heavily
affected by the production of these lithium-ion batteries, the development of efficient ways to
repurpose waste is crucial. Recycling is a multi-step process, starting with the storage of
batteries before disposal, followed by manual testing, disassembling, and finally the chemical
separation of battery components. Re-use of the battery is preferred over complete recycling as
there is less embedded energy in the process. As these batteries are a lot more reactive than
classical vehicle waste like tire rubber, there are significant risks to stockpiling used batteries.
The Pyrometallurgical method uses a high-temperature furnace to reduce the components of
the metal oxides in the battery to an alloy of Co, Cu, Fe, and Ni. This is the most common and
commercially established method of recycling and can be combined with other similar batteries
to increase smelting efficiency and improve thermodynamics. The metal current collectors aid
the smelting process, allowing whole cells or modules to be melted at once. The product of this
method is a collection of metallic alloy, slag , and gas. At high temperatures, the polymers used
to hold the battery cells together burn off and the metal alloy can be separated through a
hydrometallurgical process into its separate components. The slag can be further refined or
used in the cement industry. The process is relatively risk-free and the exothermic reaction from
polymer combustion reduces the required input energy. However, in the process, the plastics,
electrolytes , and lithium salts will be lost. This method involves the use of aqueous solutions to
remove the desired metals from the cathode. The most common reagent is sulfuric acid. Once
leached , the metals can be extracted through precipitation reactions controlled by changing the
pH level of the solution. Cobalt, the most expensive metal, can then be recovered in the form of
sulfate, oxalate, hydroxide, or carbonate. In these procedures, concentrations of the various
leached metals are premeasured to match the target cathode and then the cathodes are directly
synthesized. The main issues with this method, however, is that a large volume of solvent is
required and the high cost of neutralization. Unfortunately, the current design of batteries
makes the process extremely complex and it is difficult to separate the metals in a closed-loop
battery system. Shredding and dissolving may occur at different locations. Direct recycling is
the removal of the cathode or anode from the electrode, reconditioned, and then reused in a
new battery. Mixed metal-oxides can be added to the new electrode with very little change to the
crystal morphology. The process generally involves the addition of new lithium to replenish the
loss of lithium in the cathode due to degradation from cycling. Cathode strips are obtained from
the dismantled batteries, then soaked in NMP , and undergo sonication to remove excess
deposits. This method is extremely cost-effective for noncobalt-based batteries as the raw
materials do not make up the bulk of the cost. Direct recycling avoids the time consuming and
expensive purification steps, which is great for low-cost cathodes such as LiMn 2 O 4 and
LiFePO 4. For these cheaper cathodes, most of the cost, embedded energy, and carbon
footprint is associated with the manufacturing rather than the raw material. The drawback of the
method lies in the condition of the retired battery. In the case where the battery is relatively
healthy, direct recycling can cheaply restore its properties. However, for batteries where the
state of charge is low, direct recycling may not be worth the investment. The process must also
be tailored to the specific cathode composition, and therefore the process must be configured
to one type of battery at a time. Researchers are actively working to improve the power density,
safety, cycle durability battery life , recharge time, cost, flexibility, and other characteristics, as
well as research methods and uses, of these batteries. From Wikipedia, the free encyclopedia.
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This technology harvests energy that dissipates around us, in the form of electromagnetic
waves, heat, vibration, etc. This paper describes the features of these technologies, recent
topics and major challenges, and boldly predicts the future prospects of the development.
Understanding the fundamental relationships between physics and its information-processing
capability has been an active research topic for many years. Physical reservoir computing is a
recently introduced framework that allows one to exploit the complex dynamics of physical
systems as information-processing devices. This framework is particularly suited for edge

computing devices, in which information processing is incorporated at the edge e. This paper
aims to illustrate the potentials of the framework using examples from soft robotics and to
provide a concise overview focusing on the basic motivations for introducing it, which stem
from a number of fields, including machine learning, nonlinear dynamical systems, biological
science, materials science, and physics. Wide-bandgap semiconductor devices, such as gallium
nitride and silicon carbide devices, have attracted great interest in the automotive application
area. However, wide-bandgap semiconductor devices are still too expensive to apply in the
power electronics system in automotive applications. In this application, the series-connected
active power semiconductor device method using low voltage rating power semiconductor
devices of power conversion systems is an effective solution for the cost and efficiency
problems. However, there exists no discussion about the voltage imbalance phenomenon for
series-connected active power semiconductor devices. In this paper, the voltage imbalance
phenomenon is analyzed and evaluated using simulation and an experimental setup in the case
of a hard-switching DCâ€”DC converter and a soft-switching one suitable for automotive
applications. Enhanced oxidation of the 4H-SiC surface in an oxygen-lean environment by a thin
CeO x layer was confirmed. Power semiconductor devices are key components in power
conversion systems. Silicon carbide SiC has received increasing attention as a wide-bandgap
semiconductor suitable for high-voltage and low-loss power devices. However, basic
understanding of the material properties, defect electronics, and the reliability of SiC devices is
still poor. In this review paper, the features and present status of SiC power devices are briefly
described. Then, several important aspects of the material science and device physics of SiC,
such as impurity doping, extended and point defects, and the impact of such defects on device
performance and reliability, are reviewed. In this review, we discuss the progress of emerging
dry processes for nanoscale fabrication of high-aspect-ratio features, including emerging
design technology for manufacturability. Experts in the fields of plasma processing have
contributed to addressing the increasingly challenging demands of nanoscale deposition and
etching technologies for high-aspect-ratio features. The discussion of our atomic-scale
understanding of physicochemical reactions involving ion bombardment and neutral transport
presents the major challenges shared across the plasma science and technology community.
Focus is placed on advances in fabrication technology that control surface reactions on
three-dimensional features, as well as state-of-the-art techniques used in semiconductor
manufacturing with a brief summary of future challenges. The fabricated FGTs exhibited typical
n-channel transistor operation with a counterclockwise hysteresis loop due to the ferroelectric
nature of the Y-HZO-gate insulator. Photocatalysis has recently become a common word and
various products using photocatalytic functions have been commercialized. Among many
candidates for photocatalysts, TiO 2 is almost the only material suitable for industrial use at
present and also probably in the future. This is because TiO 2 has the most efficient
photoactivity, the highest stability and the lowest cost. More significantly, it has been used as a
white pigment from ancient times, and thus, its safety to humans and the environment is
guaranteed by history. There are two types of photochemical reaction proceeding on a TiO 2
surface when irradiated with ultraviolet light. One includes the photo-induced redox reactions of
adsorbed substances, and the other is the photo-induced hydrophilic conversion of TiO 2 itself.
The former type has been known since the early part of the 20th century, but the latter was
found only at the end of the century. The combination of these two functions has opened up
various novel applications of TiO 2 , particularly in the field of building materials. Here, we
review the progress of the scientific research on TiO 2 photocatalysis as well as its industrial
applications, and describe future prospects of this field mainly based on the present authors'
work. Zhou and A. The possibility of reconciliation between seemingly mutually exclusive
properties in one system can not only lead to theoretical breakthroughs but also potential novel
applications. Michael J. This article addresses the impact of the buffer doping on the critical
performance issues of current-collapse and dynamic R ON in GaN high electron mobility
transistors. The commonality is that carbon results in the epitaxial buffer becoming p-type and
hence electrically isolated from the two-dimensional electron gas by a Pâ€”N junction.
Simulations which incorporate a model for leakage along dislocations are used to show that a
remarkably wide range of experimental observations can be explained including dynamic R ON
and the complex time dependence of drain current transients in power switches. In RF
GaN-on-SiC devices, the current-collapse, the drain current dynamics, kink effect, pulse-IV and
electric field distribution in the gate-drain gap can all be explained. The nitride semiconductor
materials GaN, AlN, and InN, and their alloys and heterostructures have been investigated
extensively in the last 3 decades, leading to several technologically successful photonic and
electronic devices. This article reviews the fascinating and emerging physics and science of
these new nitride materials. It also discusses their potential applications in future generations

of devices that take advantage of the photonic and electronic devices eco-system based on
transistors, light-emitting diodes, and lasers that have already been created by nitride
semiconductors. Gallium nitride GaN is an attractive material for high-frequency and
high-power devices. Due to the availability of relatively high-quality free-standing bulk GaN
substrates, the research and development of vertical GaN devices on GaN substrates has made
significant progress in recent years, and various transistors and diodes based on vertical GaN
with excellent characteristics have been reported. This paper reviews the current status and
recent progress of vertical GaN power device development reported from companies and
research institutions, which includes the technological development of our recent research
results of Schottky barrier diodes and trench MOSFETs. Key remaining issues for practical
applications are also described. We propose a method to evaluate the carrier transport
properties in the inversion layer of 4Hâ€”SiC metal-oxide-semiconductor field-effect transistors
MOSFETs experimentally. Our approach differs from conventional methods, which have
adjusted the parameters in conventional mobility models. These results demonstrate that
conventional understanding of carrier scattering in the SiC MOS inversion layer should be
modified, especially in the high E eff region. The static-magnetization directions of the
nanomagnets are used as reservoir states. To update these states, we change the
magnetization of one nanomagnet according to a single-bit-sequential input signal. We
demonstrate fabrication of 6,bis triisopropylsilylethynyl pentacene TIPS pentacene crystal
microribbon based organic thin film transistors OTFTs with a solvent exchange method and the
addition of a nucleation agent. TIPS pentacene crystals were formed via self-assembly as a
result of solubility difference between the double solvents. At the same time, 4-hexylbenzoic
acid HBA was added as a nucleation agent and formed an interfacial layer on the silicon dioxide
gate dielectrics, which dispersed the aggregated crystals and enhanced its morphology
uniformity. The remarkable enhancement in device performance can be attributed to the
improved crystallinity, reduced defects and charge trap centers located at the grain boundaries,
and controlled crystallization and dispersion effect due to the addition of the HBA nucleation
agent. Junichi Hattori et al Jpn. We consider a method to simulate heat transport by phonons
together with charge transport by electrons and holes that is applicable to standard technology
computer-aided design TCAD simulators. Because our proposed method handles each phonon
mode separately, it can connect the atomistic calculation of phonon properties of materials
directly to the TCAD simulation of the thermal behavior of semiconductor devices. We
implement this method in our homemade TCAD and simulate heat generation and transport in a
transistor with a thin silicon-on-insulator body using the phonon properties of Si obtained from
lattice dynamics calculations. The same simulation is carried out with phonon heat transport
approximated by the heat equation, and the results indicate that it is difficult for the heat
equation to accurately reproduce the phonon heat transport. Yohei Yomogida et al Jpn. WTe 2
has attracted a lot of interest for topological properties and various applications such as
batteries. In this study, we developed a method to obtain WTe 2 nanowires from solution-grown
tungsten oxide nanowires. Interestingly, nanowire structures are mainly obtained via
tellurization, but when sulfurization and selenization are applied on the same precursors,
nanotube structures are obtained. We assume that the volume increase via chalogenization is a
key parameter that determines the formation of nanotubes and nanowires. Zhitian Shi et al Jpn.
Displacement Talbot lithography can rapidly pattern periodic nanostructures with high depth of
focus over large area. Imperfections in the phase mask profile and the stage movement
inaccuracies during the exposure cause linewidth variation in every second line of binary
gratings. While this beating is barely visible in patterned photoresist, it leads to substantial
depth variation when transferred into high aspect ratio silicon structures, because of
micro-loading in deep reactive ion etching. Shun Kiyose et al Jpn. This paper presents a
microfabrication technique for vapor cells, filled with cesium Cs , from an on-chip dispensing
component. Wafer-level cell fabrication with a Cs dispenser has gained considerable attention
for contributing to the high performance of miniaturized atomic devices. However, the large size
of the dispenser and released residual gases can be limitations to miniaturization and the
stability of atomic vapor. We present a cell structure that overcomes these limitations and offers
a single-mask process with typical Si-based microfabrication at the wafer level. The cell
consists of an optical cavity connected to a Cs-dispensing component via microchannels.
Microfabricated Si grooves with multiple re-entrant microstructures are employed for effective
Cs production from cesium azide. The stability of the Cs atomic density in the cell was
confirmed over a period of 5 months. Naoya Wada and Tsuyoshi Hasegawa Jpn. Using
hardware to emulate biological functions is essential for the realization of more sophisticated
brain-type information processing. For this purpose, up to now, various nonvolatile devices
have been used to emulate complex functions such as spike-timing dependent plasticity.

However, little research has been conducted on more complicated neural functions. In this
study, we demonstrate neural functions such as paired-pulse facilitation PPF and paired-pulse
depression PPD , utilizing the larger time constant of the ionic diffusion found in molecular-gap
atomic switches. Both the PPF and PPD emulated in this study are dependent on pulse intervals
that are the same as those found in biological synapses. Narrow-bandgap materials such as
these are susceptible to band-to-band tunneling in the off-state, which enhances the parasitic
bipolar effect an accumulation of holes in the channel region. We here examine the use of
source and drain spacers to mitigate this effect, showing a two orders of magnitude
improvement in the off-state characteristics of scaled IIIâ€”V FETs. The parasitic bipolar effect
can also be beneficial in enabling a memory effect in the FET. We show that the use of a
quantum well in these devices can enhance retention times and lead to a significant reduction
of the power density. In addition, atmospheric attenuation is relatively low. Cold atmospheric
plasma CAP has gained increasing attention for its anticancer potential. CAP anticancer
application is unique for its selective targeting of cancer cells than normal cells. These CAP
effects are directly related to producing reactive oxygen species ROS and reactive nitrogen
species in air and liquid environment. It poses a crucial challenge to CAP clinical applications.
This short review describes the potential strategies that allow the incorporation of CAP-induced
ROS to enhance cancer cell death. Non-thermal atmospheric pressure plasma NTAPP is an
ionized gas that consists of charged particles, free radicals, and photons. The direct and
indirect irradiation of cells with NTAPP has various biological effects, including wound healing
and cell death. As NTAPP irradiation preferentially kills cancer cells, it is considered to be a
promising application in cancer therapy. However, the reason why cancer cells are susceptible
to NTAPP irradiation is not fully understood at present. Detecting analytes whose refractive
index RI below 1. A D-shaped photonic crystal fiber PCF sensor based on surface plasmon
resonance SPR , is proposed and simulated by the finite element method FEM , and its
sensitivity is optimized through tailoring distinct structure parameters. The simulation results
indicate that in the broad RI range from 1. Systematic design space exploration of negative
capacitance ferroelectric field effect transistors FeFETs for nonvolatile memory operations was
performed, combining load line analyses and circuit simulations. Unlike those FeFETs aiming at
a steep subthreshold slope, the key design target here is to achieve bi-stable current vs.
Remanent polarization, coercive voltage and interfacial layer thickness were selected as design
parameters. The results show that, if a ferroelectric gate dielectric film obeying ideal
single-domain Landau-Khalatnikov model dynamics with reduced remanent polarization is
available, ultra-low voltage non-volatile memories less than 1 V would become possible, which
is difficult using conventional multi-domain FeFETs. It is proposed that, considering the abrupt
polarization switching, three transistor and two transistor memory cells would be suitable for
working and code storage memories, respectively. ZnO thin film and ZnS nanoparticles were
prepared separately by sputtering technique and wet chemistry approach, respectively. Finally
those were combined together via the spin-coating of ZnS nanoparticles on a ZnO thin film.
Compared with ZnS nanoparticles and ZnO thin films, the composite exhibited higher
photocatalytic activity toward the decomposition of methylene blue, which could be explained
by the separation and transfer of the photo-excited carriers at the contact. Moreover, by
applying thermal pre-treatment to ZnO thin films, the crystallinity of the film was observed to be
improved, which further enhanced the photocatalysis owing to longer lifetime of the
photo-excited carriers. A matrix-based calculation for the electron velocity distribution function
EVDF in gas under dc electric field is demonstrated. Features of the PMPM are discussed, and
theoretically possible extensions to models under crossed electric and magnetic fields and ac
electric field are investigated. The nanolayer displays an ideal square-shaped out-of-plane
magnetic hysteresis loop with a large polar Kerr activity. The surface plasmon resonances
SPRs induce drastic magneto-optical MO responses with a narrow linewidth and a sharp
reversal of the Kerr polarity. The Pd layer acts as a transducer for both hydrogen detection and
plasmon response. Substantial MO responses to the exposure of hydrogen gas can be
observed. The results show that the polarized sensing signal is not affected by the intensity of
the incident light. The spectrum of this laser has a well-defined, wide-range longitudinal mode.
To enhance the feasibility of 2-dimensional transition metal dichalcogenides TMDCs channels in
future nano-electronic and optoelectronic devices, a top gate device structure fabricated with
very-large-scale-integration compatible process is mandatory. The uniform growth of ZrO 2 on
MoS 2 was confirmed to be caused by the physical adsorption, resulting in the suppressed
interfacial oxidation and the reduced damage of monolayer 1L MoS 2 channel. Electrical contact
characteristics between self-aligned titanium silicide TiSi 2 and sputtered-molybdenum disulfide
MoS 2 films were newly demonstrated. In contrast with metal contacts, the surface of the TiSi 2
bottom-contact was cleaned by using an ammonia and hydrogen peroxide mixture APM before

MoS 2 deposition, because the TiSi 2 film has high oxidation resistance. In order to extract the
contact resistance, a transmission line model device was fabricated. This reduction was
attributed to selective titanium diffusion from bottom contact into the MoS 2 film. The TiSi 2
contact is thus speculated as a candidate for a practical contact material in MoS 2 devices. A
layered polycrystalline ZrS 2 thin film was formed by sputtering and sulfur-vapor annealing on a
whole surface of a 2. Scalable chemical vapor deposition CVD of two-dimensional
semiconducting materials such as MoS 2 and WS 2 is a key technology for the application of
these materials in real devices. In this work, we demonstrate the growth behavior of WS 2
crystals from gaseous precursors, i. H 2 S and WF 6 , under alkali-metal-free conditions. The WS
2 crystal growth exhibits layer-by-layer growth, and its behaviors, such as nucleation and lateral
growth, are a thermally activated process: the temperature-dependent grain size and density are
well fitted by the Arrhenius equation. The MoS 2 film for chip-size area was synthesized by two
step processes consisting of MoS 2 -compound sputtering and post sulfurization. We
intentionally revealed that the crystallinity of sulfurized MoS 2 film depends on that of
just-after-sputtered film. Therefore, a crystallinity improvement just-after sputtering is
mandatory to achieve an excellent quality MoS 2 film after sulfur-vapor annealing for thin film
transistor, sensor and human interface device applications. All-solid-state Li-ion batteries ASSB
are one of the most attractive next generation batteries for large scale application due to
improved safety and higher energy density. However, the high temperature process required for
densification of the solid-state electrolytes and for co-sintering of the multilayered ASSB is still
a major challenge for large scale fabrication. In this study, a low temperature process, named
cold sintering process, is applied to co-sinter all the layers in the ASSB at a low temperature. In
addition, a silicon layer was bonded to the BOX layer at room temperature by surface activated
bonding not to receive thermal stress. As a result, the bonding interface had no voids. The
breakdown electric field of the BOX layer in the accidental B mode was improved by annealing.
More Open Access articles. This site uses cookies. By continuing to use this site you agree to
our use of cookies. To find out more, see our Privacy and Cookies policy. Close this
notification. Japanese Journal of Applied Physics. Submit an article opens in new tab Track my
article opens in new tab RSS. Sign up for new issue notifications. Median submission to first
decision before peer review 4 days. Median submission to first decision after peer review 27
days. Impact factor 1. The following article is Open access. Synthesis of relatively
small-diameter tungsten ditelluride nanowires from solution-grown tungsten oxide nanowires
Yohei Yomogida et al Jpn. Optimization of displacement Talbot lithography for fabrication of
uniform high aspect ratio gratings Zhitian Shi et al Jpn. Microfabricated alkali metal vapor cells
filled with an on-chip dispensing component Shun Kiyose et al Jpn. Emulating neural functions
utilizing the larger time constants found in the operation of molecular-gap atomic switches
Naoya Wada and Tsuyoshi Hasegawa Jpn. If current trends continue, the demographic profile of
the United States will change dramatically by the middle of this century, according to new
population projections developed by the Pew Research Center. Figure 1. Of the million people
added to the population during this period due to the effect of new immigration, 67 million will
be the immigrants themselves, 47 million will be their children and 3 million will be their
grandchildren. Figure 2. Immigration is projected to be the key driver of national population
growth in the coming half century, but it is important to note that possible future changes in
immigration policy or other events could substantially alter the projected totals. These
projections are based on trends over the past half century, during which immigration, both
authorized and unauthorized, has played an escalating role in U. From to , new immigrants and
their U. The contribution of new immigration to population change was derived by comparing
our main projection with an alternative projection that assumes no new immigrants arrive after
The heightening role of immigration contrasts with a decrease in fertility in recent decades. The
average number of births per woman has declined markedly since the late s, from more than 3.
Also, a smaller proportion of women are of childbearing age now, compared with earlier
decades. These two changes have made immigration a more prominent factor in population
growth. All population projections have built in uncertainties, especially for years further in the
future, because they are based on assumptions about future behavior. In addition, these
uncertainties can multiply because key aspects of population change are often
interrelatedâ€”for example, a decline in immigration could also lead to a decline in the birthrate
because immigrants tend to have larger families than do native born residents. The Center has
developed three different population projections for , but the body of this report presents
findings from the main projection figures from projections based on lower or higher
immigration levels are set forth in a section that starts on page These projections consolidate
and build upon past trends, present conditions, and factors affecting future behavior. None of
the projections should be treated as predictions. Even given these caveats, however, population

projections are an important analytical tool for planners. Demographic change has major
implications for government spending in key areas such as schools, health programs,
community services, infrastructure and Social Security. Projections also provide business with
a basis upon which to make judgments about future markets. And they are of increasing
interest because of the role that population may play in climate change and other environmental
concerns. The models and assumptions are disaggregated by race and by Hispanic origin, as
are many projection models e. When incorporating birth estimates into the projections, the
Center has assumed that the overall fertility rate will remain near the level it has been for the
past three decades, with differing rates by race and ethnicity Appendix, Figure A2. Birthrates
are assumed to be well above average for immigrants, slightly above average overall for the
second generation U. Census Bureau, ; Social Security Administration, As for death rates, life
expectancy is assumed to improve somewhat for all groups throughout the period covered by
these projections. Immigration to the United States has risen rapidly and steadily for decades as
a result of increasing globalization and population movements, changes in U. Not only have the
numbers of new U. In the face of these strong and persistent trends, most U. As a result, official
projections over the last several decades have consistently underestimated actual population
growth. The Pew Research Center projections have assumed that the annual immigration level,
now about 1. Figure 3. This rate of growth is in line with, but somewhat slower than, the growth
trends of the last several decades. These immigration levels are slightly higher than those
projected by either the Census Bureau or the Social Security Trustees in the short run and
substantially higher toward the end of the projection horizon. The rate is slightly below the rate
for the first half of this decade and equal to the average for the last 35 years. Figure 4. The
decades-long pattern of steady increases has been interrupted recently by year-to-year
variation, including a spike in , a sharp decline in Passel and Suro, , followed by a return to the
long-term average in the last several years. The relatively steady growth of the last 70 years
contrasts with substantial fluctuations that occurred in the 19th and early 20th centuries. Figure
5. The projections also assume that several hundred thousand foreign-born residents will leave
each year, which is in keeping with trends of the past several decades. The issue of illegal
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