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		      1         c n i   , e s u f l e t t i l     12 0 2 ?                               application note:  use of low resistivity surface mount pptc  in li-ion polymer battery packs introduction to li-ion battery technology lithium-ion batteries (lib) have now become part of  the standard battery pack of choice used in most  notebook, smartphone, e-reader, and tablet designs.  the lib chemistry produces optimal characteristics  with regard to high energy density, low self-discharge,  light weight, long cycle life, lack of memory effect, and  low maintenance. libs are now gaining popularity in  other market segments such as electric vehicles,  power tools, and military/aerospace applications. since  the technology was developed in the 1970s, libs have  improved dramatically in terms of energy density, cost,  durability, and safety. the three main functional components in a lithium-ion  battery cell are the anode (typically graphite), the  cathode (typically lithium cobalt oxide), and a non-aque- ous electrolyte (typically a lithium salt or organic  solvent containing complexes of lithium ions). the  material choices affect a cell?s voltage, capacity, life,  and safety. li-ion cells are available in a cylindrical solid body,  prismatic semi-hard plastic/metal case, or pouch form,  which is also called li-polymer. although pouch cells  and prismatics have the highest energy density, they  require some external means of containment to  prevent an explosion when their state of charge (soc)  is high (see figure 1). overheating is the main safety concern for lithium-ion  cells. overheating causes thermal runaway of the  cells, which can lead to cell rupture, re, or explosion.  a deep discharge event could cause internal shorts in  the cell, which would cause a short circuit upon  charging.  over-charging and deep discharge/short-circuit events  create heat (generated by the anode of the cell) and  oxygen (created by the cathode). both of these effects  can be dangerous to the cell and cause bloating (in the  case of li-polymer pouch cells), rupture, re, or even  an explosion. this is why libs have several levels of fail-safe internal  cell level and external protection circuitry, which shuts  down the battery pack when parameters go out of  range. the addition of this protection circuitry takes up  useful space in the battery pack and cell, thereby  reducing the available capacity. it also causes a small  current drain on the pack and contributes to potential  points of failure, which can permanently disable the cell  or pack. internal cell protection consists of a shut-down separator  (for over-temperature), tear-away tab (for internal  pressure), vent (pressure relief), and thermal interrupt  (over-current/over-charging) (figure 1). over the last ve years, libs have been the subject of  highly publicized recalls of notebook and cell phone  battery packs, as a result of instances of overheating,  re, and rupture. several new standards from iec, ul,  and the dot/un have emerged to specify required  safety measures and testing.   figure 1. various li-ion cell congurations negative electrode al laminate lm cathode anode tab anode  cathode tab top insulator positive cap positive tab  positive electrode positive electrode positive electrode positive tab negative electrode negative electrode negative teminal negative tab negative tab tab sealant tab sealing area barcode side folding laminated foil separator separator separator sealing cap inlet case (positive polarity) vent plate current interrupt device gasket gasket spacer gas release vent current  collector sealing  plate insulation  plate insulator casing ptc device

     2         c n i   , e s u f l e t t i l     12 0 2 ?                               li-ion and li-ion polymer chemistry has specic energy  of 400wh/l at 20c, which is approximately two times  the specic energy of nimh (nickel metal hydride) and  four times that of the old nicd (nickel cadmium)  chemistry. li-ion chemistry also operates at higher  voltages of 3.0?4.2v versus 1.0?1.2v for the older  chemistries. the older chemistries had a moderate-to- high tolerance to over-charging events, whereas the   newer li-ion chemistry has a very low tolerance to  over-charging there are a variety of reasons for battery pack failures:  poorly designed cells, lack of over-current/over-voltage  protection, lack of thermal protection, no tolerance to  swelling, no venting methods for gas, and use in high  temperature environments. over-discharge and over-charge are two externally  created events that can cause problems in libs. during  over-discharge, if the cell voltage drops lower than  approximately 1.5v, gas will be produced at the anode.  when voltage drops to less than 1v, copper from the  current collector dissolves, causing internal shorting of  the cell. therefore, under-voltage protection is required  and is provided by the battery protection ic. over-charge  creates gassing and heat buildup at the cathode when  cell voltage reaches approximately 4.6v. although  cylindrical cells have internal protection from pressure,  activated cids (current interrupt devices) and internal  ptcs (positive temperature coefcient discs that  increase in resistance when heated), li-polymer cells  do not have internal cids and ptcs. external over- voltage, over-gas, and over-temperature protection is   especially critical for li-polymer cells li-ion battery safety standards several safety agency standards apply to lithium-ion  battery packs. these are the key standards that govern  the performance, safety testing, and transportation of  lithium-ion battery packs:  ul 1642-2005, standard for lithium    batteries?requirements are intended to reduce the    risk of re or explosion when lithium batteries are    used in a product.  iec 62133:2002, secondary cells and batteries    containing alkaline or other non-acid  electrolytes?safety     requirements for portable sealed secondary cells, and      for batteries made from them, for use in portable      applications.  iec 62281, safety of primary and secondary lithium    cells and batteries during transport?these         requirements cover portable primary         (non-rechargeable) and secondary (rechargeable)       batteries for use as power sources in products.  ul 2054, standard for household and commercial    batteries?these requirements are intended to reduce     the risk of re or explosion when batteries are used in      a product.  un/dot (dept of transportation) manual of tests and    criteria 4th revised edition lithium battery testing       requirements ? sec 38.3.  ieee 1625 - ieee standard for rechargeable batteries      for multi-cell mobile computing devices  ieee 1725 - ieee standard for rechargeable batteries      for cellular telephones  iec/ul 60950-1, information technology equipment         safety?limited power source, sec 2.5, table 2b,       requirements to limit current to less than 8a within    5sec  ; this specication would apply to most battery       systems used for notebook computers, cell phones,       and tablet devices. these standards guide manufacturers/suppliers in  planning and implementing the controls for the design  and manufacture of lithium-ion (li-ion) and lithium-ion  polymer (li-ion polymer) rechargeable battery packs. the typical safety-related tests in these standards,  which involve the use of external and internal battery  pack protection, will include the following (standards will  each have their own specic requirements and this is  just a brief summary of the types of tests conducted): application note:  use of low resistivity surface mount pptc  in li-ion polymer battery packs

     3         c n i   , e s u f l e t t i l     12 0 2 ?                               1. short-circuit tests and forced discharge tests:    these tests are conducted by discharging the     battery with a low resistance load and then allowing     the battery to protect itself or fail by re or       explosion; the latter being a test failure. a test pass     is when battery returns to a safe temperature. tests     are done at room temperature and elevated      temperatures. 2. abnormal charging test, overcharging test, high     charging rate test: these tests are conducted by     subjecting the battery pack to several times more     than the normal charging current or charging at an     abnormally fast rate. when there is a non-resettable     over-current device present, the test is repeated at     a current below which the device activates. 3. heating and temperature cycling tests. these tests     are conducted by raising and cycling the battery     pack to high temperature and then checking to see     if the pack responds safely. fire, explosion, and     venting would be considered failures. the purpose of the safety standards is to ensure the  battery pack and cells have protection mechanisms  designed into the overall system to prevent rapid  thermal runaway, re, explosion, rupture, venting, or  even gas bloating of the battery packs. all of these  events can create a hazard to the user or any equip- ment used with the battery pack. typical li-ion and lithium-polymer battery packs have  several levels of protection in order to meet the  required safety standards and to protect the user and  equipment from battery failure hazards. in addition to  internal cell level protection, external protection  solutions are added to provide further safety mea- sures. some battery packs will use what is called a  battery management unit (bmu), which is a small  print circuit board with several protection components  (see figure 2). the bmu will have a central processing  device, which is usually an ic that controls the battery  charge and monitors the pack for unsafe conditions. the battery controller ic controls two fets, which act  as the charge and discharge switches. the battery ic  will turn these fets off as the primary way to shut  down the battery pack. the ic will use thermistors and  temperature cut-outs (tco) to sense temperature,  current sense resistors to monitor current, gas gauges  to monitor gas buildup, and fuel gauges to monitor  charge. upon any unsafe condition, the ic will turn the  fets off to shut down the pack and stop the fault  event. because the li-ion chemistry is so dangerous in  certain conditions, there must be a secondary method  for protection. this secondary protector can be a pptc  (polymeric positive temperature coefcient) resettable  fuse, thermal fuse, or a controllable battery protector  (see figure 3). figure 2. a typical battery management unit (bmu) design figure 3. a secondary method of battery protection application note:  use of low resistivity surface mount pptc  in li-ion polymer battery packs control ic battery pack discharge charge switch switch + ? smd ptc battery cell battery cell pcm

     4     c n i   , e s u f l e t t i l     12 0 2 ? application note:  use of low resistivity surface mount pptc  in li-ion polymer battery packs general safety standard that applies to  smartphones and tablets iec/ul/en 60950-1 - information technology equip- ment safety, part 1: general requirement   the standard applies to battery operated devices that     can be charged from ac mains supply.  sec 2.5 ? limited power source    ? fire enclosure requirements in 4.7.2 are reduced or       not required if the components/connectors are       connected to a limited power source.    ? this allows designer to reduce cost, use thinner       materials, etc.    ? limited power source spec has two tables:  table 2b ? no oc protective device (so using ptc or     electronic fuse)    ? must limit current to 8a within 5 sec if using ptc  table 2c ? oc protective device is used (fuse)    ? fuse rating 5a or less (210% / 120sec overload      gate)    ? limit short ckt current to less than 1000 / vmax       and 250va within 60sec    where an overcurrent protective device is used, it     shall be a fuse or a non-adjustable, non-autorest,     electromechanical device  agency approvals: littelfuse pptcs are recognized  under the component program of underwriters  laboratories to ul standard 1434 for thermistors. the  devices have also been certied under the csa com- ponent acceptance program.                                 introduction to pptc technology ptc stands for positive temperature coefcient,  which means the resistance of the device increases as  its temperature goes up. ptcs increase in resistance  as temperature increases due to increased current  ow. polymer pptc (pptc) devices are made of a  polymer plastic material. unlike a typical ?one-time?  fuse, a pptc device (see figure 4) will reset when  cooled.       figure 4. how a pptc works figure 5. pptc resistors     carbon crystalline polymer under normal operation    at operating current    many conductive paths    very low resistance carbon amorphous under fault condition    excessive current causes  device to heat up    fewer conductive paths    result is high resistance    cools down and resets  when fault is removed how a pptc works r ptc r l i v voltage source load resistance

     5         c n i   , e s u f l e t t i l   12 0 2 ? application note:  use of low resistivity surface mount pptc  in li-ion polymer battery packs figure 6. the effect of temperature on the resistance of a pptc pptc resistors are over-current protection devices. like  fuses, they have two terminals and are placed in line  with the circuit being protected (see figure 5). because  they are ideal for situations where frequent over-current  conditions occur or constant uptime is required, pptcs  are typically used in li-ion battery pack applications. in  order to limit unsafe currents while allowing constant  safe current levels, their resistance will ?reset? auto- matically when the fault is removed and temperature  returns to a safe level.  under normal conditions, pptcs act as a low value  resistor ? dissipating little power and barely warm.  under fault conditions, they heat up due to i2r (ohmic  heating; >100oc) and their resistance increases 1000x  or more, limiting the current to a small value (see figure  6). when the current is removed, the pptc will return  to normal temperature and resistance, restoring the  circuit (see figure 7). log resistance (ohms) temperature (c) trip point                               pptc  trip times  are inuenced by:  resistance of the device  ambient temperature and air currents  pcb trace size and copper weight  proximity of other components other items that inuence the effective heat transfer  rate from the device to its surroundings can also  impact performance.   figure 7.  the effect of changing current levels on a  pptc?s temperature and resistance time current (tc) curves present the average values  of the trip time at a given current for every part  number (see figure 8). pptc  trip times will be distrib- uted above and below the curve. lower percentage  overloads produce greater variations in trip time.  customer verication tests need to be done for actual  applications to ensure proper component selection. current time normal operating current normal operating current fault current leakage current power down for reset

     6         c n i   , e s u f l e t t i l     12 0 2 ?                             figure 9. a ptc (or pptc) de-rating chart key considerations in selecting a pptc 1. determine the circuit?s operating parameters:   application temperature   hold current requirement 2. select the pptc device that will accommodate the     circuit?s maximum ambient temperature and normal     operating current.    compare the selected device?s maximum         electrical ratings with the circuit?s maximum       operating voltage and interrupt current.   determine time-to-trip.   verify ambient operating conditions.   verify the pptc device dimensions. 3. pptc resistances do shift during operation.    repetitive tripping/reset cycles will cause slight       changes in resistance.   -40 -30 -20 -1 0 0 1 0 20 30 40 50 60 70 80 1 0% 30% 50% 70% 90% 1 1 0% 1 30% 1 50% 1 70% t emperature (c) percentage of rated current application note:  use of low resistivity surface mount pptc  in li-ion polymer battery packs figure 8.  time current (tc) curves resistance of the pptc device changes directly with  temperature. the rating of the pptc  is inuenced by  ambient temperature, as shown at the temperature  de-rating chart (figure 9). the heat required to trip the  device may come from several sources, such as:   resistive heating from the electrical current  ambient environment   adjacent components   100 1 10 0.1 0.001 0.01 0.75a 1.20a 1.55a 0.90a 1.10a 1.35a 1.60a 1.85a 2.50a 1 10 100 1000 cur r ent in  amper es time in seconds

     7         c n i   , e s u f l e t t i l     12 0 2 ?                           the use of a lorho tm  smt pptc in a li-ion  polymer battery pack the smt form factor is optimized for li-ion polymer  cell pack construction. li-ion polymer packs are used  for low prole smartphone and tablet applications. the  smt pptc allows for more efcient high volume  manufacturing because the pptc can be surface  mounted directly on the pcm (protection circuit  module). also, in low prole designs, the pcm board  is mounted at in the same plane as the polymer  pouch. this allows for the lowest prole thickness of  the smartphone or tablet design. the low height  capability of the lorho tm  smt pptc makes it a great  choice for this application. the pptc can be added to  the pcm while maintaining a minimum height prole  of the total assembly. when using lorho tm  smt pptcs, some design and  application testing aspects must be considered:  the overall space allocated for smt pptc needs to     be balanced against the total hold current required.     the designer rst needs to determine the maximum     continuous current (this includes burst use or peak     current use) and the maximum temperature that the     pptc can experience (ambient temperature in the     pptc?s vicinity).  so, the rst step in selecting the appropriate pptc is     nding out how much current the device can hold at     the maximum temperature. the advantage of using a    lorho tm  pptc is that the device can hold a large     amount of current in a relatively small form factor     and low prole device.   application testing is suggested to verify that the     selected pptc can hold the required current at     temperature. typically, the device is subjected to the     required current for 15 minutes, which is enough     time to reach thermal stability. if device can hold the     current for 15 minutes, then this is one data point     that can be used to verify the correct device has     been selected. application note:  use of low resistivity surface mount pptc  in li-ion polymer battery packs   holding the device in a tripped state for long      periods of time will cause an increase in resistance.   any hand soldering may have a signicant effect if       not performed properly and therefore is generally       not recommended (particularly for smt         components) 4. pptc devices have two distinct resistance ranges:   rmin: the minimum resistance of un-soldered      devices   r1max: the maximum resistance of a device at       20c, measured one hour after tripping or reow       soldering at 260c for 20 seconds. when measuring resistance:   always perform the measurement at room        temperature.   perform measurements at least one hour after       any heating process to ensure that the device has       cooled thoroughly (soldering, testing, etc.).   keep in mind that catalog specications (trip time,       hold current, etc.) assume the parts have been       mounted on a pcb and the resistance shift has       already occurred. other critical considerations for component selection  include:   maximum circuit voltage   maximum available short circuit current   desired trip current and trip time   form factor   maximum ambient operating temperature   normal operating current   maximum operating voltage   maximum interrupt current

     8         c n i   , e s u f l e t t i l     12 0 2 ?                           application note:  use of low resistivity surface mount pptc  in li-ion polymer battery packs references iec/ul/en 60950-1 - information technology equip- ment safety, part 1: general requirement   it is highly suggested that the application testing be     completed on the actual pcm board as the thermal     effects can vary quite signicantly when compared     to a test board. the printed circuit board, traces,     solder pads, and even adjacent components all have     an effect on the thermal performance of the pptc.   the next step is to ensure the pptc will trip or     activate fast enough to meet safety requirements.     typically, smartphones and smaller tablets will need     to meet the standards in ul/iec 60950-1, limited     power source sec 2.5. this standard will require the     pptc to trip in ve seconds or less during an 8a fault     condition. in other words, the pptc must limit     current to 8a or less in ve seconds or less.  the nal critical aspect is the impedance of the pptc     device. the higher the impedance (pptc are purely     resistive components), the greater the drain on the     battery and the lower the total capacity or battery     ?talk-time? energy available. therefore, minimizing     the impedance is critical. the main advantage of     lorho tm   pptcs is their very low resistance compared     to standard pptcs. however, all pptcs undergo     what is called ?trip jump? after experiencing a     thermal event or short circuit event. trip jump is a     permanent increase in resistance from initial       resistance as delivered on tape/reel to post-reow     resistance. therefore, it is very important to       determine the typical and maximum trip jump      associated with a given device and the process that     it undergoes in manufacturing.  the true worst-case maximum resistance of the     pptc needs to be determined. the suggested     application test is for the pptc to be reowed onto     the actual pcm using the reow oven prole       selected for the assembly. if there are multiple     reow passes and any dwell or cure times, then     these should be applied as well. the pptc       resistance should then be measured one hour  after     the reow process by using the four-wire method.
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