MC33340, MC33342

Battery Fast Charge

Controllers

The MC33340 and MC33342 are monolithic control I@iat are
specifically designed as fast charge controllers for Nickel Cadmium
(NiCd) and Nickel Metal Hydride (NiMH) batteries. These devices
feature negative slope voltage detection as thegryi means for fast
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charge termination. Accurate detection is ensured by an output that

momentarily interrupts the chge current for precise voltage
sampling. An additional secondary backup termination method can
be selected that consists of either a programmihdedr temperature
limit. Protective features include battery over auddervoltage
detection, latched ovéemperature detection, and power supply input
undervoltage lockout withysteresis. Fast charge holdoff time is the
only difference between the MC33340 and the MC33342. The
MC33340 has a typical holdoff time of 177 seconds and the
MC33342 has a typical holdoff time of 708 seconds.

e Negative Slope Voltage Detection with 4.0 mV Sensitivity
e Accurate Zero Current Battery Voltage Sensing

High Noise Immunity with Synchronous VFC/Logic
Programmable 1 to 4 Hour Fast Charge Time Limit
Programmable Over/Undertemperature Detection
Battery Over and Undervoltage Fast Charge Protection
Power Supply Input Undervoltage Lockout with Hysteresis
Operating Voltage Range of 3.25V to 18 V

177 seconds Fast Change Holdoff Time (MC33340)

708 seconds Fast Change Holdoff Time (MC33342)
Pb-Free Packages are Available
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This device contains 2,512 active transistors.
Figure 1. Simplified Block Diagram
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MC33340, MC33342

MAXIMUM RATINGS (Note 1)

Rating Symbol Value Unit

Power Supply Voltage (Pin 8) Vee 18 \%
Input Voltage Range \%

Time/Temperature Select (Pins 5, 6, 7) VIr@T) -1.0to Ve

Battery Sense, (Note 2) (Pin 1) ViR(sen) -1.0to Vcc + 0.6 or -1.0to 10
Vgen Gate Output (Pin 2)

Voltage Vo(gate) 20 \%

Current lo(gate) 50 mA
Fast/Trickle Output (Pin 3)

Voltage VoFm 20 \%

Current loFm) 50 mA
Thermal Resistance, Junction—to-Air Reia °C/W

P Suffix, DIP Plastic Package, Case 626 100

D Suffix, SO-8 Plastic Package, Case 751 178
Operating Junction Temperature Ty +150 °C
Operating Ambient Temperature (Note 3) Ta -25to +85 °C
Storage Temperature Tstg -55 to +150 °C

Maximum ratings are those values beyond which device damage can occur. Maximum ratings applied to the device are individual stress limit
values (not normal operating conditions) and are not valid simultaneously. If these limits are exceeded, device functional operation is not implied,
damage may occur and reliability may be affected.
1. This device series contains ESD protection and exceeds the following tests:

Human Body Model 2000 V per MIL-STD-883, Method 3015 Machine Model Method 400 V
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MC33340, MC33342

ELECTRICAL CHARACTERISTICS (Vcc =6.0V, for typical values Tp = 25°C, for min/max values Ty is the operating

ambient temperature range that applies (Note 3), unless otherwise noted.)

Characteristic Symbol | Min | Typ | Max Unit

BATTERY SENSE INPUT (Pin 1)
Input Sensitivity for —AV Detection -AVih - -4.0 - mVv
Overvoltage Threshold Vih(ov) 1.9 2.0 2.1 \%
Undervoltage Threshold Vihuv) 0.95 1.0 1.05 mV
Input Bias Current lis - 10 - nA
Input Resistance Rin - 6.0 - MQ
TIME/TEMPERATURE INPUTS (Pins 5, 6, 7)
Programing Inputs (Vij, =1.5V)

Input Current lin —24 —30 —36 A

Input Current Matching Alip - 1.0 2.0 %
Input Offset Voltage, Over and Under Temperature Comparators Vio - 5.0 - mV
Under Temperature Comparator Hysteresis (Pin 5) Vum - 44 - mV
Temperature Select Threshold VinwT) - Ve -0.7 - \%
INTERNAL TIMING
Internal Clock Oscillator Frequency fosc - 760 - kHz
Vsen Gate Output (Pin 2) tgate

Gate Time - 33 - ms

Gate Repetition Rate - 1.38 - S
Fast Charge Holdoff from —AV Detection thold S

MC33340 - 177 -

MC33342 - 708 -
Vsen GATE OUTPUT (Pin 2)
Off-State Leakage Current (Vg =20 V) loff - 10 - nA
Low State Saturation Voltage (lsink = 10 mA) VoL - 1.2 - \%
FAST/TRICKLE OUTPUT (Pin 3)
Off-State Leakage Current (Vg =20 V) loff - 10 - nA
Low State Saturation Voltage (lsink = 10 mA) VoL - 1.0 - \%
UNDERVOLTAGE LOCKOUT (Pin 8)
Startup Threshold (V¢ Increasing, Ta = 25°C) Vin(on) - 3.0 3.25 \%
Turn—Off Threshold (Vcc Decreasing, Ta = 25°C) Vin(offy 2.75 2.85 - \%
TOTAL DEVICE (Pin 8)
Power Supply Current (Pins 5, 6, 7 Open) lcc mA

Startup (Vcc=2.9V) - 0.65 2.0

Operating (Vcc=6.0V) - 0.61 2.0

2. Whichever voltage is lower.

3. Tested junction temperature range for the MC33340/342:  Tigy = =25°C  Thjgp = +85°C
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MC33340, MC33342

INTRODUCTION

Nickel Cadmium and Nickel Metal Hydride batteries
require precise charge termiias control to maximize cell
capacity and operating tinvghile preventing overcharging.
Overcharging can result in a reduction of battéeyds well
as physical harm to the @nuser. Since most portable
applications require the battesi to be charged rapidly, a
primary and usually a secondary or redundant ctemgging
technique is employed into thelarging system. It is also
desirable to disable rapid charging if the battaslifage or
temperature is either too high or too low. In ordeaddress
these issues, an economical and flexible fast etwmgtroller
was developed.

The MC33340/342 contains many of the building blocks
and protection features thate employed in modern high
performance battery chargeordrollers that are specifically
designed for Nickel Cadmiurand Nickel Metal Hydride
batteries. The devices designed to interface with either
primary or secondary side regulators for easy implation
of a complete charging system. A representativekla@gram
in a typical charging apgiation is shown in Figure 8.

The battery voltage is monitored by thggyinput that
internally connects to a voltage to frequency coeveand

counter for detection of a negative slope in batteitage. A
timer with three programming inputs is availablg@tovide
backup charge termination. Alternatively, thesaitagan be
used to monitor the battery patkmperature and to set the
over and undertemperature limits also for backugrgen
termination.

Two active low open colleot outputs are provided to
interface this controller witthe external charging circuit.
The first output furnishes gating pulse that momentarily
interrupts the charge current. This allows an ateunethod
of sampling the battery voltage by eliminating agk drops
that are associated withghi charge currents and wiring
resistances. Also, any noissltages generated by the
charging circuitry are elimated. The second output is
designed to switch the charging source between fabst an
trickle modes based upon thesults of voltage, time, or
temperature. These outputs natiy connect directly to a
linear or switching regulator control circuit in nrasolated
primary or secondary side digations. Both outputs can be
used to drive optoisolators primary side applications that
require galvanic isolation. giire 9 shows the typical charge
characteristics for NiCdnd NiMh batteries.
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Figure 8. Typical Battery Charging Application
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Figure 9. Typical Charge Characteristics for NiCd and NiMh Batteries

OPERATING DESCRIPTION

The MC33340/342 starts up in the fast charge modmwh resistive voltage divider. The input has an impedance of
power is applied to ¥c. A change to the trickle mode can approximately 6.0 M2 and a maximum voltage range of
occur as a result of three possible conditions.firbeis if -1.0V1toVcc+ 0.6 Vor0Vto 10V, whichever is lower.
the Vseninput voltage is above 2.0 V or below 1.0 V. Above The 10 V upper limit is set by an internal zener clamp that
2.0 Vindicates that the battery pack is open orodisected, provides protection in the event of an electrostatic diggh
while below 1.0 V indicates the possibility of a shorted or The VFC is a charge—balanced synchronous type which
defective cell. The second condition is when the generates output pulses at a rate\oFERV/gen (24 kHz).
MC33340/342 detects a fully charged battery by measuring The Sample Timer circuit provides a 95 kHz systeyokcl
a negative slope in battery voltage. The MC33340/342 signal (SCK) to the VFC. This signal synchronizes the F
recognize a negative voltage slope after the preset holdoffoutput to the other Sample Timer outputs used within the
time (hoig) has elapsed during a fast charge cycle. This detector. Atl.38 second intervals the,M,Gate outpugoes
indicates that the battery pack is fully chargele Third low for a 33 ms period. This output is used to motaely
condition is either due to the battery pack being out of ainterruptthe external charging power source so that a jgrecis
programmed temperature range, or that the preset timewvoltage measurement can be taken. As the 8ate goes
period has been exceeded. low, the internal Preset control line is driven high1l ms.

There are three conditions that will cause the coetrtl During this time, the battery voltage at thggyinput is
returnfrom trickle to fast chargmode. The first is if the 3, allowed tostabilize and the previous/FEount is preloaded.
input voltage moved to within the 1.0 to 2.0 V range from At the Preset high—-to—low transition, the Convent Igoes
initially being either too high or too low. The sad is if the high for 22 ms. This gates the, Pulses into the ratchet
battery pack temperature moviedwithin the programmed  counter for a comparison to the preloaded count. Since the
temperature range, but only from initially being too cold. Convert time is derived from the same clock that contingls
Third is by cycling \&c off and then back on causing the VFC, the number of {- pulses is independent of the clock
internal logic to reset. A concise description loé tmajor frequency. If the new sample has more counts thare w

circuit blocks is given below. preloaded, it becomes the new peak count and the cycle is
, . repeated..38 seconds later. If tmew sample has two fewer
Negative Slope Voltage Detection counts, a less than peak voltage event has occurred, and a

A representative block diagram of the negative &l0p rogister s initialized. If two successive less than peak

voltage detector is shown in Figure 10. It includes 2 \oltage events occur, thewy ‘AND’ gate output goes high
Synchronous \oltage to Frequency Converter, a Sample

- — i and the Fast/Trickle output is latched in a low state,
Timer, and a Ratchet Counter. Thg¥pin is the |n.put for signifying that the battery pack has reached full charge
the Woltage to Frequency Converter (VFC), and itrexts status.
to the rechargeable battery pack terminals through a

http://onsemi.com
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Negative slope voltage detection starts after 60 ms haven voltage during the holdoff time and the inputtage
elapsed in the fast charge mode. This does not affect thenever rises above that last detected level, the Fast/Trickle
Fast/Trickle output until the holdoff time,{ig) has elapsed  outputwill latch into a low state. The negative slopetage
during the fast charge mode. Two scenarios then exist.detector has a maximum resolution of 2.0 V divided by
Trickle mode holdoff is implemented to ignore anitial 1023 mV, or 1.955 mV per count with an uncertaioty
drop involtage that may occuvhen charging batteriekat +1.0 count. This yields a detection range of 1.955 mV to
have been stored for an extended time periddelfiegative 5.865 mV. In order to obtain maximum sensing accyra
slope voltage detector senses that initial drop during thethe R2/R1 voltage divider must be adjusted so Heakte,
holdoff time, and the input voltage rises as thé&ebga input voltage is slightly less than 2.0 V when thedatpack
charges, the Fast/Trickle output will remain opgdowever, is fully charged. Voltage variations due to temperature and
if the negative slope voltage detector senses atinegirop cell manufacturing must be considered.

Battery Detect
Synchronous Fv = Vsen (24 kHz) L'iW Hlfh UV¢L0 FT
Vsen o 5 Voltage to
Input Frequency Ck Rachet _AV .
Converter Counter Logic
= ~ Trickle Mode (%V‘*f Ut“d‘*f CT’!afge
clé § Holdoff emperature imer
g o
> = Vgen Gate
SCK Sample
95 kHz Timer
Vgen Gate e
sen _I I I |
e 1385 > I
| |
Preset T L | I
| fims | | | |
I I
Convert —{—i | ¢ : |
- 22 ms .
Rachet Counter Convert
0 to 1023 Fy Pulses
Figure 10. Negative Slope Voltage Detector
Fast Charge Timer Temperature sensing is accomplished by placing a

A programmable backup chartymer is available for fast  negative temperature coefficient (NTC) thermistor in
charge termination. The timer is activated by timef Temp thermal contact with the battery pack. The theronist
Select comparator, and is programmed from thedd/T connects to the t2{F,input which has a 3QA current
High, t2/Tsen and t3/Tef Low inputs. If one or more of these  source pull-up for developing a temperature dependent
inputs is allowed to go abovec¥ - 0.7 V or is left open, the  voltage. The temperature limits are set by a resistor that
comparator output will switch high, indicating tltlaé timer connects from the t1{d High and the t3/{Es Low inputs to
feature is desired. The three inputs allow one of sevenground. Since all three inputs contain matchedud0
possible fast charge time limits to be selected. The current source pull-ups, the required programmésistor
programmable time limits, rounded to the nearest whole values are identical to that of the thermistor at the desired
minute, are shown in Table 1. over and under trip temperature. The temperature window
detector is composed of two comparators with a common
input that connects to the t2&Rinput.

The lower comparator senses the presence of arr unde
temperature condition. When the lower temperaioni is
exceeded, the charger is switched to the trickle mode. The
comparator has 44 mV of hysteresis to prevent erratic

Over/Under Temperature Detection

A backup over/under temperature detector is aviailab
and can be used in place of the timer for fast charge
termination.The timer is disabled by theriie/Temp Select
comparator when each of the three programming snanet
held below \&c - 0.7 V.

http://onsemi.com
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switching between the fast and trickle modes as the lowerby removing and reconnecting the battery pack ayoiing
temperaturdimit is crossed. The amount of temperature rise the power supply voltage.
to overcome the hysteresidistermined by the thermistor’s If the charger does not require either the time or
rate of resistance change or sensitivity at the undertemperature backup features, they can both be easily
temperature trip point. The required resistance change is: disabled. This is accomplished by biasing the t3Mow
input to avoltage greater than t2/d, and by grounding the
t1/Tref High input. Under these conditions, the Time/Temp
Select comparator output is low, indicating thae th

The resistance change approximates a thermal bgier temperature mode is selected, and that thedgifiput is
of 2°C with a 10 K thermistor operating afG. The under  biased within the limits of an artificial tempenawindow.
temperature fast charge inhibit feature can be disabled by Charging ofbattery packs that are used in portable power
biasing the t3/E; Low input to a voltage that is greater than tool applications typically use temperature as timdy
that present at t2£F, and less than § — 0.7 V. Under means for fast charge termination. The MC33340/342 can
extremely cold conditions, it is possible that thermistor be configured in this manner by constantly resettiegAV
resistance can become too high, allowing thestffput detection logic. This is accomplished by biasing then,V
to go above ¥c — 0.7 V, and activate the timer. This inputto=1.5V from a two resistor divider that is connected
condition can be prevented by placing a resistpairallel between the positive battery pack terminal and mohe
with the thermistor. Note that the time/temperature VsenGate output is also connected to thgnhput. Now,
threshold of \.c — 0.7 V is a typical value at room each time that the Sample Timer causes tgaltput to go
temperature. Refer to tHelectrical Characteristics table low, the Vseninput will be pulled below the undervoltage
and to Figure 4 fordditional information. threshold ofL.0 V. This causes a reset of the\+logic every

The upper comparator senses the presence of an ovet.38 seconds, thus disabling detection.
temperature condition. When the upper temperaitmieis _ _

gperatmg Logic

exceeded, the comparator output sets the Overtemperatur . . .
P P P The order of events in the charging process isrobatl

Latch andhe charger is switched to trickle mode. Once the he logic circuitrv. Each i d d !
latch is set, the charger cannot be returned to fast charget,’yt e logic circuitry. Each event is dependent uperinput

even after the temperature falls below the limit. Teé&ture cotl)wldltlons and the Cho.s‘?” me"thofd: k:]arge terrg:natlon. A.
prevents the battery pack from being continuously table summary containing all of the possible operating

temperatureycled and overcharged. The latch can be resetmocIes is shown in Table 2.

VHM  _44mv  _ |46k

AR(T o = Thigh) = L~ 30uA

Table 1. FAST CHARGE BACKUP TERMINATION TIME/TEMPER ATURE LIMIT

Programming Inputs . L
Backup Time Limit
Termination t3/Trer Low 2/Tsen tUTer High Fast Charge
Mode (Pin 5) (Pin 6) (Pin 7) (Minutes)
Time Open Open Open 283
Time Open Open GND 247
Time Open GND Open 212
Time Open GND GND 177
Time GND Open Open 141
Time GND Open GND 106
Time GND GND Open 71
Temperature OVtoVec-07V 0OVtoVec-07V OVtoVec-07V Timer Disabled

http://onsemi.com
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Table 2. CONTROLLER OPERATING MODE TABLE

Input Condition Controller Operation
Vsen Input Voltage: The divided down battery pack voltage is within the fast charge voltage range. The charger switches
>1.0V and <2.0V from trickle to fast charge mode as Ve enters this voltage range, and a reset pulse is then applied to
the timer and the overtemperature latch.
>1.0 V and <2.0 V with The battery pack has reached full charge and the charger switches from fast to a latched trickle mode.
two consecutive ~AV A reset pulse must be applied for the charger to switch back to the fast mode. The reset pulse occurs
events detected after the when entering the 1.0 V to 2.0 V window for Vg, Or when V¢ rises above 3.0 V.
initial holdoff period (o1
<1.0Vor>20V The divided down battery pack voltage is outside of the fast charge voltage range. The charger
switches from fast to trickle mode.
Timer Backup: The timer has not exceeded the programmed limit. The charger will be in fast charge mode if Vg, and
Within time limit V¢ are within their respective operating limits.
Beyond time limit The timer has exceeded the programmed limit. The charger switches from fast to a latched
trickle mode.
Temperature Backup: The battery pack temperature is within the programmed limits. The charger will be in fast charge mode
Within limits if Vsen and Ve are within their respective operating limits.
Below lower limit The battery pack temperature is below the programmed lower limit. The charger will stay in trickle

mode until the lower temperature limit is exceeded. When exceeded, the charger will switch from trickle
to fast charge mode.

Above upper limit The battery pack temperature has exceeded the programmed upper limit. The charger switches from
fast to a latched trickle mode. A reset signal must be applied and then released for the charger to
switch back to the fast charge mode. The reset pulse occurs when entering the 1.0 V to 2.0 V window
for Vgen Or when V¢ rises above 3.0 V.

Power Supply Voltage: This is the nominal power supply operating voltage range. The charger will be in fast charge mode if
Vee >3.0Vand <18 V Vsen, and temperature backup or timer backup are within their respective operating limits.
Vce >0.6 Vand <28V The undervoltage lockout comparator will be activated and the charger will be in trickle mode. A reset

signal is applied to the timer and over temperature latch.

Testing
Under normal operating conditions, it would take conditions, and the relatively short variable time delay
283 minutes to verify the operation of the 34 stage ripple would be transparent to the user.
counterused in the timer. lorder to significantly reduce the Switch 2 bypasses 11 divider stages to provide a 2048
test time, three digital switches were added to the circuitry times speedup of the clock. This switch is necessary for
and are used to bypass selected divider stagesirgrgach testing the 19 stages that were bypassed wherhsit@s
of the test modes without requiring additional pagkpins enabled. Switch 2 is enabled when thg\hput falls below
or affecting normal device operation proved to be 1.0 V and the tl/Es High input is biased at —100 mV.
challenging Refer to the timer functional block diagram in  Verification of the 1%tages is accomplished by measuring
Figure 11. a nominal propagation delay of 338.8 ms from whenen,
Switch 1bypasses 19 divider stages to provide a 524,288input fallsbelow 1.0 V, to when the F/T output changes from
times speedup of the clock. This switch is enatblldn the a high—to—low state.
Vseninput falls below 1.0 V. Verification of the pragnmed Switch 3 is a dual switch consisting of sections “A” and
fast charge time limit is accomplished by measutimg “B”. Section “A” bypasses 5 divider stages to pawa 32
propagation delay from when thesdy4 input falls below times speedup of thesM,gate signal that is used in sampling
1.0V, to when the F/T output changes from a hightew the battery voltage. This speedup allows faster test
state. The 71, 106, 141, 177, 212, 247 and 283 will nowverification of two successiveAV events. Section “B”
correspond to 8.1, 12.1, 16.2, 20.2, 24.3, 28.33n8 ms bypasses 1divider stages to provide a 2048 speedup of the
delays. It igpossible to enter this test mode during operation trickle mode holdoff timer. Switches 3A and 3B are both
if the equivalent battery pack voltage was tobalbw 1.0 V. activated when the t1/d; High input isbiased at —100 mV
This will not present a problem since the device would with respect to Pin 4.
normally switch from fast to trickle mode under these

http://onsemi.com
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l—> 11 ms Preset
D Q

22 ms Convert

Switch 2 Switch 3A
o;o Test Normal
25
Oscillator 3 6 o Lol o3 1 3 2
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H/TeHigh —>]
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Each test mode bypass switch is shown l
in the proper position for normal charger operation. Fast/Trickle Output
Figure 11. Timer Functional Block Diagram
RS IC1 MC33340 or MC33342 Vg
1.0k D3 e
—AAA—Pt | Undervoltage
Lockout
AC 1N4002 . :
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Input D2 A& Veen | Voltage to
T Frequency
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-1 R8 Lovh etect Detect
220 IOV = Low  Under
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Charge |\ o | Timer 4o sen = = _|
Status 2! Veen 4 : 6 \;_SWZ
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- Fast| é E T T Veo = s
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choffast) = —g7 | - TimeTemp ™~ 0V I
I SR PRttt PRSP
_ Vin - Vf(D3) - VBatt Gna4
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This application combines the MC33340/342 with an adjustable three terminal regulator to form an isolated secondary side battery charger. Regulator IC2
operates as a constant current source with R7 setting the fast charge level. The trickle charge level is set by R5. The R2/R1 divider should be adjusted so
that the Ve, input is less than 2.0 V when the batteries are fully charged. The printed circuit board shown below will accept the several TO-220 style heat-
sinks for IC2 and are all manufactured by AAVID Engineering Inc.

Figure 12. Line Isolated Linear Regulator Charger
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Figure 13. Printed Circuit Board and Component Layout
(Circuit of Figure 12)
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| [ Fast/ i T
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The MC33340/342 can be combined with any of the devices in the UC3842 family of current mode controllers to form a switch mode battery charger. In this
example, optocouplers OC1 and OC2 are used to provide isolated control signals to the UC3842. During battery voltage sensing, OC2 momentarily grounds
the Output/Compensation pin, effectively turning off the charger. When fast charge termination is reached, OC1 turns on, and grounds the lower side of R3.
This reduces the peak switch current threshold of the Current Sense Comparator to a programmed trickle current level. For additional converter design in-
formation, refer to the UC3842 and UC3844 device family data sheets.

Figure 14. Line Isolated Switch Mode Charger
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MC33340, MC33342

MC34166 or MC34167

Feedback

Input —
Battery
Pack
C1 R3 §R1
MC33340/342

vsen
Gate

The MC33340/342 can be used to control the MC34166 or MC34167 power switching regulators to produce an economical and efficient fast charger. These
devices are capable of operating continuously in current limit with an input voltage range of 7.5 to 40 V. The typical charging current for the MC34166 and
MC34167 is 4.3 A and 6.5 A respectively. Resistors R2 and R1 are used to set the battery pack fast charge float voltage. If precise float voltage control is not
required, components R1, R2, R3 and C1 can be deleted, and Pin 1 must be grounded. The trickle current level is set by resistor R4. It is recommended that
a redundant charge termination method be employed for end user protection. This is especially true for fast charger systems. For additional converter design
information, refer to the MC34166 and MC34167 data sheets.

Figure 15. Switch Mode Fast Charger

http://onsemi.com
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MC33340, MC33342

ORDERING INFORMATION

Device Package Shipping T

MC33340D SO-8

MC33340DG SO-8 98 Units / Rail
(Pb-Free)

MC33340DR2 SO-8

MC33340DR2G SO-8 2500/ Tape & Reel
(Pb-Free)

MC33340P PDIP-8

MC33340PG PDIP-8 1000 Units / Rail
(Pb-Free)

MC33342D SO-8

MC33342DG SO-8 98 Units / Rail
(Pb-Free)

MC33342DR2 SO-8

MC33342DR2G SO-8 2500/ Tape & Reel
(Pb-Free)

MC33342P PDIP-8

MC33342PG PDIP-8 1000 Units / Rail
(Pb-Free)

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.
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