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NiCd NiMH SLA* Li-lon Li-lon
Polymer
Energy Density (Wh/KQ) 40-60 60-80 30 80-160 100-160
Cycle Life (End of Life @ 80% capacity) | 800-1500° 500%° 200-500° 300-1000° 300-1000°
Optimum Charge Time (hours) 1.5 2-4 8-16 2-4 3-5
Overcharge Tolerance moderate low high very low very low
Deep Discharge Tolerance moderate moderate low very low very low
Self-discharge per month (@25°C) 20% 30% 5% 3-5%* 3-5%*
Cell Voltage (nominal) 1.2v 1.2V 2V 3.7V 3.7V
Load Current (continuous) >2C 0.5-1C 0.2¢c® 0.8 —2C° 0.8-1C°
Operating Temperature -20- +60°C 0-+60°C  -20 - +60°C -40 - +60°C -20 - +60°C
Maintenance Requirement 30 days 90 days 3-6 mon. 6-12 mon. 6-12 mon.
(for max service life)
Environmental Impact Recycle Cd  Cd Free Recycle Pb  No heavy metals No heavy metals
Typical Battery Cost $0.48 $0.79 $0.45 $1.04 $1.84
(US $/ Watt Hour, reference only) (7.5V) (7.5V) (6.0V) (7.4V) (7.4V)
In commercial use for portable 1950 1990 1970 1991 1999
products since
1. Calcium-lead assumed. Tin-lead chemistry (Enersys) provides improvements in several areas, notably in
charge time (~2 hours), continuous load current (1-2 C) and operating temperature range (-65 - +65°C).
2. Cycle life is based on battery receiving regular maintenance. Failing to apply periodic full discharge cycles
may reduce the cycle life by a factor of three for NiCd. This problem is less pronounced for NiMh.
3. Cycle life is based on the depth of discharge. Shallow discharge provides more cycles than deep
discharges.

Protect circuits can consume 0.5 - 3% per month.

5. Capable of pulsed load currents of up to 1C.

6. Specialty cells can provide >2C
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NiCd NiMH SLA -—Std SLA - Hawker Li-lon Li-lon Polymer

Run Time vs Size & Weight B A C C AA AA
Cycle Life (100% to 80%) AA-C* B-C' B-C?® A —B?® AA — B> AA — B3
Charge Time AA A C AA A A
Overcharge Tolerance B C A A AA* AA*
Deep Discharge Tolerance B B C C AA* AA*
Short Circuit Tolerance A C C B AA* AA*
Internal Impedance AA-A> A-B’ C AA A-AA A-AA
Self-discharge B C A A A A
Cell Voltage (nominal) C C B B AA AA
Load Current (continuous) AA A C A A A
Operating Temperature A A A AA AA A
Maintenance Requirement C B A A AA AA
Typical Battery Cost A B AA AA B B-C
Flexibility B B B B A A
Service Life — intensive use A B C B A A
Service Life — occasional use B B AA AA A-AA A-AA
Service Life — store-and-use® A A B B B-A B-A
Temperature Range A B A AA AA - A A
Outgassing B B C B AA AA
Personal Safety A B B B A A
Environmental Safety C A C C AA AA
Solar Chargeable C C A A AA’ AA’

AA - Clearly excels;, A—Verygood; B —Good; C - Below average

1 Cycle life is dramatically reduced if battery is not properly maintained by fully discharging the battery occasionally.

2 Cycle life is dependent on depth of discharge — Shallow discharge provides more cycles than deep discharges.

3 Cycle life depends on specific chemistry — generally, there is a trade-off between high capacity and high cycle life.

4 Protect circuits required by this chemistry effectively prevent overcharge, deep discharge, and short circuit damage significantly better than other chemistry cells without
the protect circuits.

5 Ultra-high capacity cells have higher internal impedance than standard cells.

6 CLA does not tolerate partial charging; cycle life is dramatically reduced if battery is not fully charged after being discharged.

7 NEW! Solar Charge regulator built into some pack protect boards.

8 NEW! Continuous cell balancing (SWE patent pending) balances pack during storage so it is ready for use immediately without multiple charge — discharge cycles.
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Intensive use over many years

(provides several thousand cycles if properly maintained)

Very high discharge currents

(very low internal resistance and tolerant of high current discharges)
Very fast charge cycle (tolerates high current charging)
Store-and-use

(long-term storage is not critical but recharge is needed before use)
Intensive use (provides up to 500 cycles)

Applications requiring long runtime between recharge
(NiMH has high energy density)

Store-and-use

(long-term storage is not critical but recharge is needed before use)

Intensive or occasional use
(provides 400 to 1,000 or more cycles & low self discharge)
Applications requiring long runtime between recharge
(Li-lon has highest energy density)
Routine applications with uncontrolled charging or
repeated topping charging
(Li-lon is maintenance free and has increased cycling life
with topping charge)
Very high discharge currents (achievable with high current or
paralleled cells and custom pack protect circuit)
Multi-year Long-Term Use (Multi-series packs expected to be
used more than 3 years require cell balancing circuit.)
Sealed Batteries —No outgassing during charge or discharge
Intensive or occasional use
(Provides up to 1,000 cycles & low self discharge)
Applications requiring long runtime between recharge
(Li-lon Polymer has high energy density)
Routine applications with uncontrolled charging or
repeated topping charging
(Li-lon polymer is maintenance free and has increased cycling life
with topping charge)
Applications requiring very thin cells
(cells are inherently thin)
Very high discharge currents (achievable with high current or
paralleled cells and custom pack protect circuit)
Multi-year Long Term Use (Multi-series packs expected to be
used more than 3 years require cell balancing circuit.)
Sealed Batteries — No outgassing during charge or discharge

Applications requiring long runtime
between recharge
(NiCd has a moderate energy density)
Repeated topping charging or
uncontrolled charging without periodic full
discharge (Nicd is a high-maintenance battery)
Occasional Use (high self-discharge)
Uncontrolled charging without periodic full
discharge (NiMH is a high-maintenance battery)
Occasional Use (high self-discharge)
Very high discharge currents
(except for specialty cells, NiMH is not tolerant of

high current discharge)
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Cell Max Max Pack No. Cells Parallel Pack
Voltage Series Voltage 3.6V cellsin protect _
(Nom.) Conn. (Nom.  pack®  pack circuit Pack Construction Comments
req’d
NiCd 1.2V 6-20° 24 3 Limited® No  High continuous current capability of
NiCd cell.
NiMH 1.2V  6-107 12 3 Limited® No  Cell continuous current capability is
lower than NiCd pack.
Li-lon 3.7V 4-14* 14.8-51.8 1 Yes Yes  Though continuous current capability
unlimited of cell is lower than NiCd, pack
continuous current is easily increased
by paralleling cells (limited only by
pack protect circuit capability).
Li-lon 3.7V 4-14* 14.8-51.8 1 Yes Yes  Though continuous current capability
Polymer unlimited of cell is lower than NiCd, pack
continuous current is easily increased
by paralleling cells (limited only by
pack protect circuit capability).

This column indicates relative pack complexity and reliability. A higher number of cells results in a more complex pack design and lower pack reliability (pack failure
rate = the sum of the failure rates of all pack components - the battery is the component with the highest failure rate). 3.6 volts was chosen as a fairly common size pack

voltage for high tech electronics.

Max series connection for NiCd and NiMH is due to potential for reversed cell voltage during discharge; when connecting more than 6 cells in series, the cells should be from
the same lot or matched. Minimum discharge voltage for a 1 to 6 cell series pack is: Number of cells X 1.0 V. When more than 6 cells are in a pack the minimum discharge
voltage is: (number of cells — 1) X 1.2 V. The electronics being powered needs to provide the low voltage cut-off circuit.

Matched NiCd and NiMH cells can be paralleled only if: 1) high temperature pack cutout circuits are used and, 2) pack thermistor is used to control/limit charging currents.
Some cell manufacturers recommend against paralleling NiMH or NiCd cells in pack due to cell mismatching occurring at or near cells’ end of life.

Max standard series connection for Li-lon and Li-lon Polymer is 4 cells. Higher series connections can be made with multiple pack protect circuits. Active cell balancing in

groups of 4; periodic maintenance balancing, full discharge, when >4 series.
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Volts
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16,000 mAh Pow-R Tote Module
Discharge Rate: C/11
Capacity:
-40°C -51%; -30°C-89%; -20°C-96%; -10°C-100%; 0°C-101%; +10°C-101%;
+20°C -102%
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—o—C/11 -40°C —— C/11 -30°C ——C/11 -20°C —x—C/11 -10°C —x—C/11 0°C —o—C/11 +10°C —+—C/11 +20°C
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16,000 mAh Pow-R Tote Module

Capacity: C/11-40°C-51% C/20-40°C-71% C/25-40°C-78% C/25-30°C - 93%
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