INTTIAL RELEASE

Final Electrical Specifications
LTC1734

TECHNOLOGY Lithium-lon Linear

Batftery Charger in SOT-23

January 2001
FEATURES DESCRIPTION
= Tiny 6-Lead SOT-23 Package The LTC®1734 is a low cost, single cell, constant-current/
= 1% Accurate Preset Voltages: 4.1V or 4.2V constant-voltage Li-lon battery charger controller. When
= Programmable Charge Current: 200mA to 700mA combined with a few external components, the SOT-23

Charge Current Monitor Output
for Charge Termination

Automatic Shutdown with Input Supply Removal

Manual Shutdown

Negligible Battery Drain Current in Shutdown
No Blocking Diode Required

No Sense Resistor Required

Undervoltage Lockout

Self Protection for Overcurrent/Overtemperature

APPLICATIONS

Cellular Telephones

Handheld Computers

Digital Cameras

Charging Docks and Cradles

Low Cost and Small Size Chargers
Programmable Current Source

package formsavery small,low cost chargerforsingle cell
lithium-ion batteries.

The LTG1734 is available in 4.1V and 4.2V versions with
1% accuracy. Constant current is programmed using a
single external resistor between the PROG pinand ground.
Manual shutdown is accomplished by floating the pro-
gram resistor while removing input power automatically
puts the LTG1734 into a sleep mode. Both the shutdown
and sleep modes drain near zero current from the battery.

The charge current can be monitored viathe voltage on the
PROG pin allowing a microcontroller or ADGC to read the
currentand determine when to terminate the charge cycle.
The output driver is both current limited and thermally
protected to prevent operating outside of safe limits. No
external blocking diode is required.

The LTC1734 can also function as a general purpose
current source or as a current source for charging nickel-
cadmium (NiCd) and nickel-metal-hydride (NiMH) batter-
ies using external termination.

AT LTC and LT are registered trademarks of Linear Technology Corporation.

TYPICAL APPLICATION
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ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

ORDER PART
NUMBER

LTC1734ES6-4.1
LTC1734ES6-4.2

S6 PART MARKING

LTHD
LTRG

(Note 1)

Supply Voltage (V) «eeeeeeeererereerereneneeerenens -0.3Vto 9V

Input Voltage (BAT, PRQG) ........ -0.3Vto (Vgg +0.3V)

Output Voltage (DRIVE)............... -0.3Vto (Voo +0.3V) TOP Y

Output CUrrent (IGENSE) «-eseeeeeererererrererererenen. -1Ato 1A Isense 1L 16 DRIVE
Short-Circuit Duration (DRIVE) ........cooevee...... Indefinite o2l | 158AT
JUNCHiON TEMPEratUre .......veeeeeeeeeeeeeeee e 125°C Voo 3L J4PRoG
Op?l\rlf)ttig% )Ambient Temperature Range 40°C 10 85°C b LEACTAKAGE
Operating Junction Temperature (Note 2) ............ 100°C T G = 2B
Storage Temperature Range ................. -65°C to 150°C

Lead Temperature (Soldering, 10 sec).................. 300°C

Consult factory for parts specified with wider operating temperature ranges.

ELGCTBICHL CHHBHCTGGISTICS The « denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V¢ = 5V, GND = 0V and Vg, is equal to the float voltage unless
otherwise noted. All currents into device pins are positive. All currents out of device pins are negative. All voltages are referenced to
GND, unless otherwise specified.

SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX | UNITS
Ve Supply
Ve Operating Supply Range o | 475 8 \
Ice Quiescent Vg Pin Supply Current VpaT = 9V, (Forces Iprive = Igat = 0), o 670 1150 pA
Iprog = 200pA,(7500Q from PROG to GND)
ISHDN Ve Pin Supply Current in Manual Shutdown PROG Pin Open o 450 900 pA
lams Battery Drain Current in Manual Shutdown PROG Pin Open o -1 0 1 pA
(Note 3)
lgsL Battery Drain Current in Sleep Mode (Note 4) Voo =0V o -1 0 1 pA
VuvLol Undervoltage Exit Threshold Ve Increasing o | 445 456 4.68 Y
Vuviop | Undervoltage Entry Threshold Ve Decreasing o | 430 441 453 Y
Vuvays | Undervoltage Hysteresis Vioc Decreasing 150 mV
Charging Performance
Vpar Output Float Voltage in Constant Voltage Mode | 4.1V Version, Igat = 10mA, 4.75V < Vg <8V e | 4059 410 4141 %
4.2V Version, Igat = 10mA, 4.75V < Vg <8V o | 4158 420 4.242 v
IAT1 Output Full-Scale Current in Rprog = 7500Q, 4.75 < Vgg <8V, o 155 200 240 mA
Constant Current Mode Pass PNP Beta > 50
lgaTo Output Full-Scale Current in Rprog = 2143Q, 4.75 < Vigg <8V, o 620 700 770 mA
Constant Current Mode Pass PNP Beta > 50
Veowmi Current Monitor Voltage on PROG Pin IgaT = 10% of IgaT1, RPROG = 7500Q, e | 005 015 0.28 \
4.75V < Vg < 8V, Pass PNP Beta > 50
Voo Current Monitor Voltage on PROG Pin IgaT = 10% of IgaTo, RpRoG = 2143Q, e | 010 015 0.20 \
4.75V < Vg < 8V, Pass PNP Beta > 50
Ipsink Drive Output Current VDRive = 3V ° 30 mA
2 L’ TJCHIEQGQY
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ELGCT'“CHL CHHBHCTEIHSTKS The « denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V¢ = 5V, GND = 0V and Vg, is equal to the float voltage unless
otherwise noted. All currents into device pins are positive. All currents out of device pins are negative. All voltages are referenced to

GND, unless otherwise specified.

SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX UNITS
Charger Manual Control

VmsoT Manual Shutdown Threshold VpRrog Increasing o | 205 215 225 Y
Vmsuys | Manual Shutdown Hysteresis Vprog Decreasing 90 mV
Iprogpu | Programming Pin Pull-Up Current VpRog = 2.5V -6 -3 -15 pA
Protection

IpSHRT Drive Output Short-Circuit Current Limit Vorive = Vee | o | 35 65 130 | mA

Note 1: Absolute Maximum Ratings are those values beyond which the life
of a device may be impaired.

Note 2: The LTC1734E is guaranteed to meet performance specifications
from 0°C to 70°C ambient temperature range and 0°C to 100°C junction
temperature range. Specifications over the —40°C to 85°C operating
ambient temperature range are assured by design, characterization and
correlation with statistical process controls.

Note 3: Assumes that the external PNP pass transistor has negligible B-C
reverse-leakage current when the collector is biased at 4.2V (Vgat) and the
base is biased at 5V (Vgg).

Note 4: Assumes that the external PNP pass transistor has negligible B-E
reverse-leakage current when the emitter is biased at 0V (Vgg) and the
base is biased at 4.2V (Vgar).

PIN FUNCTIONS

Isense (Pin 1): Sense Node for Charge Current. Current
from Vg passes through the internal current sense resis-
tor and reappears at Isgyse to supply current to the
external PNP’s emitter. The PNP’s collector provides
charge current to the battery.

GND (Pin2): Ground. Provides areference for the internal
voltage regulator and return for all internal circuits. When
in the constant voltage mode, the LTC1734 will precisely
regulate the voltage between the BAT and GND pins. The
battery ground should tie close enough to the GND pin to
avoid voltage drop errors.

Vee (Pin 3): Positive Input Supply Voltage. This pin
supplies power to the internal control circuitry and exter-
nal PNP transistor through the internal current sense
resistor. This pin should be bypassed to ground with a
capacitor in the range of from 1uF to 10pF.

PROG (Pin 4): Charge Current Programming, Charge
Current Monitor and Manual Shutdown Pin. Provides a
virtual reference voltage of 1.5V for an external resistor
(Rprog) tied between this pin and ground that programs
the battery charge current while the charger is in the
constant current mode. The typical charge current will be

1000 times the current through this resistor (Igat= 1500/
Rprog)- This pin also allows for the charge current to be
monitored. The voltage on this pin is proportional to the
battery charging current so that at G/10 the voltage will be
1.5V/10. Floating the pin allows an internal current source
to pull the pin voltage above the shutdown threshold
voltage. Because this pin is in a signal path, excessive
capacitive loading can cause AC instability. See the Appli-
cations Information section for more details.

BAT (Pin 5): Battery Voltage Sense Input. A precision
internal resistor divider sets the final float voltage on this
pin. This divider is disconnected in the manual shutdown
or sleep mode. When charging, approximately 34pA
flows into the BAT pin. To minimize float voltage errors,
avoid excessive resistance between the battery and the
BAT pin. For dynamically stable operation, this pin re-
quires a minimum bypass capacitance to ground of 5pF
tofrequency compensate for the high frequency inductive
effects of the battery and wiring.

DRIVE (Pin 6): Base Drive Output for the External PNP
Pass Transistor. Provides a controlled sink current that
drives the base of the PNP. This pin has current limiting
protection.

LY R
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OPERATION

The LTC1734 is a linear battery charger controller. Op-
eration can best be understood by referring to the Block
Diagram. Charging begins when Vg rises above the
UVLO (Undervoltage Lockout) threshold Viyyi o and an
external current programming resistor is connected be-
tween the PROG pin and ground. When charging, the
collector of the external PNP provides the charge current.
The PNP’s emitter current flows through the Isgysg pin
and through the internal 0.06Q current sense resistor.
This currentis close in magnitude, but slightly more than
the collector current since it includes the base current.
Amplifier A3, along with the P-channel FET, will force the
same voltage that appears across the 0.06Q resistor to
appear across the internal 60Q resistor. The scale factor
of 1000:1 in resistor values will cause the FET’s drain
current to be 1/1000 of the charge current and it is this
current that flows through the PROG pin. In the constant
current mode, amplifier A2 is used to limit the charge
current to the maximum that is programmed by Rprgg.

The PROG pin current, which is 1/1000 of the charge
current, develops a voltage across the program resistor.
When this voltage reaches 1.5V, amplifier A1 begins

diverting current away from the output driver, thus limit-
ing the charge current. This is the constant current mode.
The constant charge current is 1000 ¢ (1.5V/Rprog)-

As the battery accepts charge, its voltage rises. When it
reaches the preset float voltage of 4.2V (LTC1734-4.2
version), a precisely divided down version of this voltage
(2.5V) is compared to the 2.5V internal reference voltage
by amplifier A1. If the battery voltage attempts to exceed
4.2V (2.5V at amplifier A1’s input) the amplifier will divert
current away from the output driver thus limiting charge
currentto that which will maintain 4.2V onthe battery. This
is the constant voltage mode.

When in the constant voltage mode, the 1000:1 current
ratio still holds and the voltage on the PROG pin will indi-
cate the charge current as a proportion of the maximum
current set by the current programming resistor. The bat-
tery charge current is 1000 ¢ (Vprog/Rprog) amps. This
feature allows a microcontroller with an ADC to easily
monitor charging current and if desired, manually shut
down the charger at the appropriate time.

4
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OPERATION

When Vg is applied, the charger can be manually shut
down by floating the otherwise grounded end of Rprog-
An internal 3pA current source pulls the PROG pin above
the 2.15V threshold of voltage comparator C1 initiating
shutdown.

For charging NiMH or NiCd batteries, the LTC1734 can be
turned into a constant current source by grounding the
BAT pin. This will prevent amplifier A1 from trying to limit
charging current and only A2 will control the current.

Fault conditions such as overheating of the die or exces-
sive PNP base current drive are monitored and limited.

When input power is removed or manual shutdown is
entered, the charger will drain only tiny leakage currents
from the battery, thus maximizing battery standby time.
With Vg removed the external PNP’s base is connected to
the battery by the charger. In manual shutdown the base
is connected to Vg by the charger.

APPLICATIONS INFORMATION

Charging Operation

Charging begins when an input voltage is present that
exceeds the undervoltage lockout threshold (Vyyio), @
Li-lon battery is connected to the charger output and a
program resistor is connected from the PROG pin to
ground. During the first portion of the charge cycle, when
the battery voltage is below the preset float voltage, the
charger is in the constant current mode. As the battery
voltage rises and approaches the preset float voltage, the
charge current begins to decrease and the constant
voltage portion of the charge cycle begins. The charge
current will continue to decrease exponentially as the
battery approaches a fully charged condition.

Should the battery be removed during charging, a built-in
protection circuit will prevent BAT from rising above V.

Manual Shutdown

Floating the program resistor shuts down the charger. In
this mode, a small current s drawn fromthe supply (Isms)
while only a negligible leakage current is delivered to the
battery load (Igms).

Sleep Mode

When the input supply is disconnected, the IC enters the
sleep mode. In this mode, the battery drain current (Igg| )
is a negligible leakage current, allowing the battery to
remain connected to the charger for an extended period of
time without discharging the battery. The leakage current
is due to the reverse-biased B-E junction of the external
PNP transistor.

Undervoltage Lockout

Undervoltage lockout (UVLO) keeps the charger off until
the input voltage exceeds a predetermined threshold level
(VyyLor) of 4.56V. Approximately 150mV of hysteresis is
builtinto prevent oscillation around the threshold level. In
undervoltage lockout, battery drain current is very low

(<THA).

Programming Constant Current

When inthe constant current mode, the full-scale current
is programmed using a single external resistor between
the PROG pinand ground. The charge current will be 1000
times greater than the current through the program
resistor. The program resistor value is selected by divid-
ing the voltage forced across the resistor (1.5V) by the
desired resistor current. Different charge currents can be
programmed using a DAC, or using a PWM output from
a microcontroller or by switching in different program
resistors.

The LTC1734 is designed for a maximum current of
approximately 700mA. This translates to a maximum
PROG pin current of 700pA and a minimum program
resistor of approximately 2.1k. Because the PROG pinisin
aclosed-loop signal path, the pole frequency must be kept
high enough to maintain adequate AC stability. See the
Stability section for more details.

Monitoring Charge Current

The voltage on the PROG pin indicates the charge current
as a proportion of the maximum current set by the

LY R
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APPLICATIONS INFORMATION

program resistor. The charge current is equal to 1000
(Vprog/Rrrog) @amps. This feature allows a microcontrol-
ler with an ADC to easily monitor charging current and if
desired, manually shut down the charger at the appropri-
atetime. See Figure 1 foran example. The minimum PROG
pin current is about 3pA (Iprogru)

Errors in the charge current monitor voltage on the PROG
pinareinversely proportional to battery currentand can be
statistically approximated as follows:

One Sigma Error(%) 01 + 0.3/IgaT(A)

Dynamic loads on the battery will cause transients to
appear on the PROG pin. Should they cause excessive
errors in charge current monitoring, a simple RC filter as
shown in Figure 2 can be used to filter the transients. The
filter will also quiet the PROG pin to help prevent inadvert-
ent momentary entry into the manual shutdown mode.

Because the PROG pin is in a closed-loop signal path the
pole frequency must be kept high enough to maintain
adequate AC stability. This means that the maximum
resistance and capacitance presented to the PROG pin
must be limited. See the Stability section for more details.

Constant Current Source

The LTC1734 can be used as a constant current source by
disabling the voltage control loop as shown in Figure 3.

RrroG
OPEN DRAIN AW
OR TOTEM

POLE OUTPUT
uc
ADC INPUT

PROG

LTC1734

1734 FO1

Figure 1. Interfacing with a Microcontroller

This is done by pulling the BAT pin below the preset float
voltages of 4.1V or 4.2V by grounding the BAT pin. The
program resistor will determine the output current. The
output current range is between approximately 200mA
and 700mA, depending on the maximum power rating of
the external PNP pass transistor.

External PNP Transistor

The external PNP pass transistor must have adequate
beta, low saturation voltage and sufficient power dissipa-
tion capability (including any heat sinking, if required).

To provide 700mA of charge current with the minimum
available base drive of approximately 30mA requires a
PNP beta greater than 23. If lower beta PNP transistors are
used, more base current is required from the LTC1734.
This can result in the output drive current limit being
reached, or thermal shutdown due to excessive power
dissipation. Excessive beta can affect stability (see Stabil-
ity section)

With low input voltages, the PNP saturation voltage
(VcesaT) becomes important. The Vggsat must be less
than the minimum input voltage minus the voltage drop
across the internal sense resistor minus the battery float
voltage. If the PNP transistor can not achieve the low
saturation voltage required, base current will dramatically
increase. This is to be avoided for a number of reasons:
output drive may reach current limit resulting in the
charger’s characteristics to go out of specifications,
excessive power dissipation may force the IC into thermal
shutdown, or the battery could become discharged be-
cause some of the current from the DRIVE pin could be
pulled fromthe battery through the forward biased collec-
tor base junction.

OPTIONAL FILTER

CHARGE 1k CHARGE

CURRENTTW— CURRENT

MONITOR 04uFTo MONITOR
L 05w

CONTROL 1

Vin 3
5V
F
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LTC1734
GND
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CONTROL 2

éISk
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|‘| ;%_zmooz |‘| ;g_zmooz -

F
l BATTERY

lSENSE 1 CHARGE CURRENT | CONTROL 1 | CONTROL 2
0 LOW LOW
200mA LOW HIGH
DRIVE FZT549 500mA HIGH LOW
IBAT 700mA HIGH HIGH

SINGLE
Li-lon

1734 F02

Figure 2. Logic Control Programming of Output Current to OmA, 200mA, 500mA or 700mA
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APPLICATIONS INFORMATION

For example, to program a charge current of 500mA with
aminimum supply voltage of 4.75V, the minimum operat-
ing Vg is:

Ve (V) = 4.75 - (0.5)(0.1) 4.2 = 0.5V

The actual battery charge current (Igat) is slightly smaller
than the expected charge current because the charger
senses the emitter current and the battery charge current
will be reduced by the base current. In terms of 3 (I¢/1g),
IgaT can be calculated as follows:

IpaT(A) = 1000 * IprogG [B/(B+ 1)]

If =50, then IgaT is 2% low. If desired, the 2% loss can
be compensated for by increasing Iprgg by 2%.

Another important factor to consider when choosing the
PNP pass transistor is the power handling capability. The
PNP’s data sheet will usually give the maximum rated
power dissipation at a given ambient temperature with a
power derating for elevated temperature operation. The
maximum power dissipation of the PNP when charging is:

Ppmax)(W) = Igat (Voo(max) — Veatminy)

Vop(max) is the maximum supply voltage and Vgar(min) i
the minimum battery voltage when discharged.

Table 1. Recommended Low Vggsat PNP Transistors

Maximum | Maximum Pp at | Package
Current (A) Ta=25°C Style Zetex Part Number
1 0.5 SOT-23 | FMMT549 or FMMT717
1 1 SOT-89 | FCX589 or FCX717
2 2 SOT-223 | FZT549 or BCP69
Stability

The LTC1734 containstwo control loops; constant voltage
and constant current. To maintain adequate AC stability in
the constant voltage mode, a capacitance (SuF to 100F)
is required from the BAT pin to ground. A battery and the
interconnecting wires can appear inductive at high fre-
quencies, and since the battery is in the feedback loop, this
capacitance is necessary to compensate for the induc-
tance. The capacitor ESR can range from near zero ohms
to several ohms.

In general, compensation is optimal with 4.7pF to 22pF
and ESR of 0.5Qt0 1.5Q. Using high beta PNP transistors

(>300) and very low ESR output capacitors (especially
ceramic) reduces the phase margin, possibly resulting in
oscillation. Adding series resistance to the capacitor will
restore the phase margin. The last transistor listed in each
row of Table 1 is high beta.

In the constant current mode it is the PROG pin that is in
the feedback loop and not the battery. Because the PROG
pin is in a closed-loop signal path, the pole frequency
should be kept above 400kHz to maintain adequate AC
stability. In addition, high loop gains should be avoided by
limiting Rprog to 15k or less. The pole frequency is
determined by Rprgg and the external capacitive loading
on the PROG pin. Once Rprog is determined, the maxi-
mum value of C which will give adequate stability can be
calculated as follows:

Cuax (F) = 1/(6.28  Rprog * 400k)

A capacitance of 25pF or less is acceptable for any Rprog
value.

To minimize capacitive loading of the PROG pin, a 10k
resistor can be added between the PROG pin and the
monitoring circuit to allow the charger to be unaffected by
the capacitance.

Ve Bypass Capacitor

Many types of capacitors with values ranging from 1uF to
10uF located close to the LTG1734 will provide adequate
input bypassing. However, caution must be exercised
when using multilayer ceramic capacitors. Because of the
self resonant and high Q characteristics of some types of
ceramic capacitors, high voltage transients can be gener-
ated under some start-up conditions, such as connecting
the charger input to a hot power source. To prevent these
transients from exceeding the absolute maximum voltage
rating, several ohms can be added in series with the input
ceramic capacitor.

Internal Protection

Internal protectionis providedto prevent excessive DRIVE
currents (Ipsyrt) and excessive internal self-heating in
case of a fault condition, such as a shorted DRIVE pin or
the external PNP pass transistor operating in deep
saturation.

LY R
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APPLICATIONS INFORMATION
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Figure 3. Programmable Current Source with Output Current of OmA, 200mA, 500mA or 700mA

PHCKHGG DGSCBIPTIOI’I Dimensions in inches (millimeters) unless otherwise noted.

S6 Package
6-Lead Plastic SOT-23
(LTC DWG # 05-08-1634)

2.6-3.0
(0.110-0.118)
“;ga‘;;g" 2.80-3.00
ey o 0.00-0.15 090-145  (0.110-0.118)
(0'0‘59 ~0.069) (0.00-0.006) | ©085-0057) (NOTE 3) E] ﬁ E]
_ |
035-055 & 8, RS i
(0.014-0.022) 0.09-0.20 0.35-0.50 L 0.90-1.30 @ $ g 0.95
(0.004-0.008) (0.014-0.020)  (0.035-0.051) 190 «(00—37)
(NOTE 2) SIX PLACES (NOTE 2) (0.074) 4“—> IlREF
NOTE: REF 6.50T-23 0898
1. DIMENSIONS ARE IN MILLIMETERS
2. DIMENSIONS ARE INCLUSIVE OF PLATING
3. DIMENSIONS ARE EXCLUSIVE OF MOLD FLASH AND METAL BURR
4. MOLD FLASH SHALL NOT EXCEED 0.254mm
5. PACKAGE EIAJ REFERENCE IS SC-74A (EIAJ)
PART NUMBER DESCRIPTION COMMENTS
LT®1510 200kHz Constant-Current/Constant-Voltage Battery Charger | Up to 1.5A Charge Current for Li-lon, NiCd, NiMH or Lead-Acid
Batteries
LT1510-5 500kHz Constant-Current/Constant-Voltage Battery Charger | Up to 1A Charge Current for Li-lon, NiCd, NiMH or Lead-Acid

Batteries

LT1571-1/LT1571-2
LT1571-5

200kHz/500kHz Constant-Current/Constant-Voltage Battery
Charger Family

Up to 1.5A Charge Current for 1-, 2- or Multiple Cell Li-lon Batteries,
Preset and Adjustable Battery Voltages, /10 Charge Detection

LTC1729 Li-lon Battery Charger Termination Controller Can be Used with LTC Battery Chargers to Provide Charge Termina-
tion, Preset Voltages, C/10 Charge Detection and Timer Functions

LTC1731 Linear Constant-Current/Constant-Voltage Charger Controller | Simple Charger Uses External FET. Features Preset Voltages,
C/10 Charge Detection and Programmable Timer

LTC1732 Linear Constant-Current/Constant-Voltage Charger Controller | Simple Charger Uses External FET. Input Power Good Indication
Features Preset Voltages, G/10 Charge Detection and Program-
mable Timer

LT1769 200kHz Constant-Current/Constant-Voltage Battery Charger | Up to 2A Charge Current for Li-lon, NiCd, NiMH or Lead-Acid

Batteries with Input Current Limit

Linear Technology Corporation
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