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EUPB0O60X

EUTECH

MICROELECTRONICS

1A Li-lon/Polymer Charger IC with

Thermal Regulation and OVP

DESCRIPTION

The EUPB060X series are highly integrated single cell
Li-lon/Polymer battery charger 1C designed for handheld
devices. The EUP8060X integrates internal power FET,

FEATURES

® Programmable Charge Current up to 1A
)

T 1% Voltage Regulation Accuracy

® Thermal Regulation to Maximize Charge Rate

current sensor, charge status, reverse current protection @  Input Overvoltage Protection:

and overvoltage protection (OVP) in a single monolithic 6.6V and 11V Options

devices. When AC-adapter is applied, an external resisior @ Charge Termination by Minimum Current and
sets the magnitude of the charge current, which may be Time

programmed up to 1A. Thermal feedback also regulates o Precharge Conditioning with Safety Timer

the charge current to limit the die temperature when fast
charging or while exposed to high ambient temperature.

The EUP8060X charges the battery in three phases:
conditioning, constant current, and constant voltage.
Charge is terminated based on minimum current. An
internal charge timer provides a backup safety for charge
termination. The EUP8060X can operate in an LDO mode
which is used primary during system level testing of the
handset to eliminate the need for battery insertion. The
EUPB060X automatically re-starts the charge if the battery
voltage falls below an internal threshold. The EUP8060X
also automatically enters sleep mode when DC supplies
are removed. No external sense resistor or blocking diode
isrequired for charging.

Typical Application Circuit

®  Status Outputsto Indicate Charge, Fault, and

Power good Outputs

® Reverse Leakage Protection Prevents Battery

Drainage

®  Short-Circuit and Thermal Protection

® Automatic Sleep Mode for Low Power

Consumption

® | DO Mode Operation for System Level Testing
without Battery Insertion

® 3mm>3mm TDFN Package

® RoHS Compliant and 100% Lead (Pb)-Free

APPLICATIONS

®  Mobile Phone, PDA, MP3 Players,

Digital Cameras
®  Mobile Internet Devices (M1D)

Li-lon or Li-Pol
EUP8060B Battery Pack
Input Power 1 10 Pack+
' IN ouT
l %1 nF —IL
9 =
47uF ILSKQ TMR BAT = TPack-
= s T
STAT1 CE =
.
P 41 sTAT2 PG
b A
5 6
1 Vss ISET
= RISET
1.13kQ
Typical Application for Charging Between 350 mA and 1 A.

=  Charge Enable and
Input Power Status
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Block Diagram
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Figure 2. Block Diagram
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Pin Configurations

Package Type Pin Configurations Package Type Pin Configurations
N1 @ | 110] out T TR R i L10] out
| | 1
TMR| 2 | R ™R[2] | | [9]BaArT
EUPB060A/D : EUP8060B : 1
TDFN-10 STAT1 [ 3 ] | L8]Ts TDFN-10 STAT1[3] | | L8]CE
| | 1
STAT2 4] | 7] Pe sTAT2[7] | | r7]Fe
vss[5) | ] | 6] IsET VS T e e
N[1] @ | 110] out
1 |
™R[ 7] | | [3]ear
EUP8060C L IS P
TDEN-10 STAT1[ 3] : | LB|TE
stat2[[4] ! (7]
vss[5] , | | L6]IseT
Pin Description
PIN AD| B | C DESCRIPTION
IN 1 1 1 Charge Input Voltage and internal supply. Connect a 1- pF (minimum)
capacitor from IN to VSS. Cin> Cout
T™R 5 5 > Safety Timer Program Input, timer disabled if floating. Connect aresistor to
V SS pin to program safety timer timeout value
STAT1 3 3 | 3 | O | Charge Status Output 1 (open-collector, see Table 3)
STAT2 4 4 | 4| O | Charge Status Output 2 (open-collector, see Table 3)
VSS 5 515 Ground
ISET 6 6 | 6 o Charge current set point, resistor connected from ISET to V SS sets charge
current value. Connect a 0.47-uF capacitor from BAT to ISET.
PG 7 7 | — | O | Power Good status output (open-collector), active low
CE - 8 | 7 Charge enable Input. CE = LO enables charger. CE = HI disables charger.
o Termination enable Inpuit. TE = LO enables termination detection and battery
TE - | — |8 absent detection. TE = HI disables termination detection and battery absent
detection.
TS 8 ] Temperature Sense Input, connect to battery pack thermistor. Connect an
external resistive divider to program temperature thresholds.
BAT 9 9 |9 Battery Voltage Sense Input. Connect to the battery positive terminal. Connect
a200Q resistor from BAT to OUT.
ouT 10 | 10 | 10 Charge current output. Connect to the battery positive terminal. Connect a 1-pF
(minimum) capacitor from OUT to VSS.
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Ordering Information

Order Number Package Type Marking Operating Temper ature Range
XXXXX o o
EUPS060AJIR1 TDFN-10 8060A -40°Cto 85°C
XXXXX o o
EUPB060BJIR1 TDFN-10 8060B -40 °Cto 85°C
XXXXX o o
EUP8060CJR1 TDFN-10 8060C -40 °Cto 85°C
XXXXX o o
EUPS060DJIR1 TDFN-10 8060D -40°Cto 85°C
EUPBOGOX O O O 0O
Lead Free Code
1: Lead Free 0: Lead
Packing
R: Tape & Redl
Operating temperature range
I Industry Standard
Package Type
J TDFN

DS8060X Ver 1.0 May 2008
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EUPB060X

Absolute Maximum Ratings

m Supply voltage (IN with respect to Vss) -0.3V to18Vv

m |nput Voltage on IN, STATX, PG, TS,CE, TE (al with respect to Vss) -0.3VtoVIN

m |nput Voltage on OUT,BAT,ISET,TMR (all with respect to Vss) -0.3Vto 7V

m Output Sink Current (STATX)+PG 15mA

m Output Current (OUT pin) 1.5A

m Junction temperature range, T, 150°C

m Storage temperature range, Tstg -65°C to 150°C

m | ead temperature (soldering, 10s) 260°C
Dissipation Ratings

Ta <40°C Derating Factor

Package 0 2 Power Rating Above Tp =25°C

TDFN-10 48°C/W 1.5wW 0.0208 W/°C
Recommended Oper ating Conditions

Min. M ax. Unit

Supply voltage, V| 4.35 16.5 \Y
Operating junction temperature range, T; -40 125 °C

Electrical Characteristics over recommended operating, T, = 0~125°C range, See the Application Circuits section,
typical values at T; = 25°C (unless otherwise noted).

EUP8060X
SYMBOLE PARAMETER TEST CONDITIONS
MIN | TYP | MAX |UNIT
POWER DOWN THRESHOL D —UNDERVOLTAGE LOCKOUT
Vuvio) Power down threshold increase V(IN): 0 - 4V 15 35 \Y
INPUT POWER DETECTION, CE =HIlor LOW,V(IN)>35V
VinoT) Input power detection threshold V) detected at [V (IN) — V(OUT)] > Viner) 180 mv
. . Input power not detected at
\% | t detection hyst 30 \
HYSINDT) nput power 10n Nysieresss [Van—Vioun] <[Vinory— Vhysinon] m
TooLiory Z;g“tCh time, input power detected PG :HI - LO, Thermal regulation loop not active, 15 35 ms
us RTMR =50KQ or V(TMR) = OPEN
Delay time, input power not detected —
ToeLnoin) Statl?sl putp PG :LO - HI after TooLoin 10 us
Charger turned off after Tpyy(creorr, Measured
TDLY(CHGOFF) Charger off delay JE— i 28 32 ms
fromPG : LO - HI; Timer reset after ToLv(cHcors
INPUT OVERVOLTAGE PROTECTION
. . . EUPB060A/B/C 6.2 6.6 7.0
V(ovp) Input overvoltage detection threshold V(IN) increasing \
EUPS060D 10.2 11 11.7
EUPS060A/B/C 30 mvV
vV Input overvoltage hysteresis V(IN) decreasin
HYS(OVP) P age ny: (IN) e} EUPSOGOD 0 ey
. CE = HI or LO, Measured from V(IN) > V to
TooLovoen | INput overvoltage detection delay - (IN) > Viov 10 100 Us
PG :LO - HI; VINincreasing
CE =HI or LO, Measured from V(IN) < V to
TooLiovnpen) | INpUt overvoltage not detected delay - (IN) <Vioe 10 100 Us
PG :HI - LO; VIN decreasing
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Electrical Characteristics over recommended operating, T, = 0~125°C range, See the Application Circuits section,
typical values at T;= 25°C (unless otherwise noted).

EUP8060X
SYMBOLE PARAMETER TEST CONDITIONS
MIN | TYP | MAX | UNIT
QUIESCENT CURRENT
| IN pi . t t ch f - V(|N) =6V 50 200 uA
in quiescent current, charger o =
CC(CHGOFF) ping g Input power detected, CE = HI Vin = 165V 250
lccereony  |IN pin quiescent current, charger on Input power detected, CE = LO, Vgar = 4.5V 0.7 15 mA
| Battery |eskage current after termination ||NPUt power detected, charge terminated, 1 5 uA
BAT(DONE) intolC CE=LO
Battery leakage current into IC, charger |Input power detected, CE = HI OR
IsaT(cHGOFR) off _ 1 5 HA
input power not detected, CE = LO
TSPIN COMPARATOR
V sy Lower voltage temperature threshold Hot detected at V(TS) < V(rsy); NTC thermistor 29 30 31 |%V(IN)
Vs Upper voltage temperature threshold Cold detected at V(TS) > V(rs); NTC thermistor 57 58 59  |%V(IN)
. Temp OK at V(TS) > [ V(T51) + VHYS(TS) ] OR

\% Hysteresis 2 %V (IN

HYSTS Y Vs <[ Vo= Vavsas | VN
CE INPUT
Vi Input (low) voltage V(CE) increasing 0 1 v
Vin Input (high) voltage V(CE ) decreasing 20
STAT1, STAT2 AND PG OUTPUTS, V(IN) = VO(REG) + V(DO-MAX)
VoL |Output (low) saturation voltage |Ioutput =5mA (sink) | | | 12 | \%
THERMAL SHUTDOWN
T(sum Temperature trip Junction temperature, temp rising 155 °C
Tsuthvs | Thermal hysteresis Junction temperature 20 °C

VOLTAGE REGULATION, V(IN) 2 VO(REG) + V(DO-MAX), |(TERM) < 1(OUT) < |O(OUT), CHARGER ENABLED, NO FAULT CONDITIONS
DETECTED

Voreg) Output voltage EUPB060A/B/C/ID 4.20 \Y
Voron V oltage regulation accuracy 1% 1%

V(0o Dropout voltage, V(IN) —V(OUT) loum=1A 800 mvV
CURRENT REGULATION, V(IN) > V(OUT) > V(DO-MAX), CHARGER ENABLED, NO FAULT CONDITIONSDETECTED

|o(OUT) OUtpUt current range V(BAT) > V(Lowv), |0(0UT) = I(OUT) = K(SET)XV(SET)/RSET 100 1000 mA
V(sem) Output current set voltage V(ISET) = V(sem), Veow) <V(BAT) < Voreg 2.45 2.50 2.55 \
Ksem Output current set factor 100mMA < lgouns 1000 mA m,?/—;”ksg 325 445

Riser External resistor range Resistor connected to ISET pin 0.7 10 kQ

VOLTAGE AND CURRENT REGULATION TIMING, V(IN) >V(OUT) + V(DO-MAX), CHARGER ENABLED, NO FAULT
CONDITIONSDETECTED, RTMR =50K or V(TMR) = OPEN; Thermal regulation loop not active

Input power detection to full Measured from PG :HI - LOto(OUT) > 100 mA,

TewrupcHe) - - 25 35 ms

charge current time delay CE=LO, looun = LA, V(BAT) =35V
T Charge enable to full charge Measured from CE :HI - LOto 1(OUT) >100 mA, - a s

PWRUP(EN) current delay |o(ou-|-) =1A, V(BAT)= 35V, V(|N) =45V, Input
power detected
. Measured from PG :HI - LOtoV(OUT) > 90% of

Input power detection to voltage charae voltage requlation:

Tewrureooy  |regulation delay, LDO mode set, g agereg ’ 25 35 ms

V (rmr) = OPEN, LDO mode set, no battery and no

no battery or load connected —
load at OUT pin, CE=LO

PRECHARGE AND OUTPUT SHORT-CIRCUIT CURRENT REGULATION, V(IN)-V(OUT) > V(DO-MAX) , V(IN) > 4.5V, CHARGER
ENABLED, NO FAULT CONDITIONSDETECTED, RTMR =50K or V(TMR)=0OPEN; Thermal regulation loop not active

Precharge to fast-charge transition

V(LOWV) threshold V(BAT) increasi ng 2.8 2.95 3.15 Vv
Precharge to short-circuit .

Viso o tion threehold V @ar) decreasing 12 1.4 16 Vv

DS8060X Ver 1.0 May 2008 6
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Electrical Characteristics over recommended operating, T, = 0~125°C range, See the Application Circuits section,
typical values at T; = 25°C (unless otherwise noted).

SYMBOLE PARAMETER TEST CONDITIONS EUPB06OX
MIN | TYP | MAX |UNIT
PRECHARGE AND OUTPUT SHORT-CIRCUIT CURRENT REGULATION, V(IN)-V(OUT) > V(DO-MAX), V(IN) > 4.5V, CHARGER
ENABLED, NO FAULT CONDITIONSDETECTED, RTMR =50K or V(TMR)=0OPEN; Thermal regulation loop not active
V (scinp) Short-circuit indication V (gar) decreasing 16 18 20 \Y
V(SC) < VI(BAT) < V(LOWV), t < T(PRECHG)
lorece) | Precharge current range |O(PRECHG) = K(SET)x V/(PRECHG)/R(ISET) 10 100 | mA
V (preCHG) Precharge set voltage Vser) = Vpreche) Viso) < Vigan < Vowv), t < Tiprecto) 225 250 280 | mv
Vpor < Vin < 6.0V 15 22 30
logsHorT) Output shorted regulation current Ves< V(_BAT)S V(SC')’_ o= mA
lotorm) = lout), Vean=VSS 6.0V <V <Vovp 25
TEMPERATURE REGULATION (Thermal regulation™), CHARGER ENABLED, NO FAULT CONDITIONSDETECTED
N V(IN) =55V, V(BAT) = 3.2V, Fast charge .
T yrec) Temperature regulation limit current set to 1A 101 112 125 C
Minimum current in thermal V(LOWV) < V(BAT) < VO(REG), 0.7kQ < RISET
louin_rarecy regulation < 3.5kQ 100 160 | mA
CHARGE TERMINATION DETECTION, VO(REG) =4.2V, CHARGER ENABLED, NO FAULT CONDITIONS DETECTED, Thermal
regulation LOOP NOT ACTIVE, RTMR =50K or TMR pin OPEN
I(TERM) Termination detection current range V(BAT) > V(RCH), I(TERM) = K(Sgr)x V(TERM)/RISEI' 10 100 mA
Charge termination detection
V(TERM) <t Vgl t@e(l) V(BAT) > V(RCH) 225 250 275 mvV
ToeLrermy | Deglitch time, termination detected Vset) decreasing 15 25 35 ms
BATTERY RECHARGE THRESHOLD
V(RCH) Recharge threshold detection [Vo(Rgg)—V(BAT) ] > V(RCH) 75 100 135 mvVvV
TooLreH) Deglitch time, recharge detection V gar) decreasing 15 25 35 ms
TIMERS, CE = LO, CHARGER ENABLED, NO FAULT CONDITIONSDETECTED, V(TMR) <3V, TIMERSENABLED
T(cHo) Charge safety timer range T(cho) = K(crg* Rrur ; thermal loop not active 3 10 | hours
K(CHG) Charge %fety timer constant V(BAT) > V(LOWV) 0.08 0.1 0.12 | hr/kQ
. T(PCHG) = K(pCHg)X T(CHG) ; Thermal regulati on
Techo) Pre-charge safety timer range loop not active 1080 3600 | sec
Pre-charge safety timer
K eoro) o stamg Y Venn < Viow 0.08 01 0.12
. N Chargetimer AND
Charge timer and termination [ I -
VIvRom | threshold termination disabled] at Vrug EUPS060A/B/D
> VruRr(orR) 25 3.0 35 | Vv
Charge timer enable threshold [Charge timer disabled] at EUPB060C
Vmr) > Vimrorn
ltmr TMR pin source current Vamry =35V, Viy=45V 1 6 HA
BATTERY DETECTION THRESHOLDS
IDET(DOWN) Battery detection current (Sl nk) 2V < V(BAT) < VO(REG) 1 2 3.2 mA
Battery detection current
Ioerwn) (Sourcé) 2V <Vean < Vores IO(PRECHG)
S 2V <V <V , Thermal regulation loop not
T Battery detection time L~ T (BAD) = T OREG) 85 120 150 | ms
(DETECT) y active; Rrvgr = 50 KQ, Iperdown) OF Ipet up)
TIMER FAULT RECOVERY
lEauLT) Fault Current (source) |V(OUT) < V(reH) -10 | mA
CHARGE OVERCURRENT DETECTION, V(IN) = 4.5V, CHARGER ENABLED
Charge overcurrent detection
Ichion thresfg'llold Vser) = VSS 1.8 A
TocLon t(i)r\;gcu”mt detection delay Measured from Vgsery = VSS 10 lour = 0 100 s

(2) The voltage on the ISET pin is compared to the V(TERM) voltage to determine when the termination should occur.
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Typical Operating Characteristics
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FAST-CHARGE CURRENT vs BATTERY VOLTAGE
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State Machine Diagram
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Figure 15. Operational Flow chart
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Typical Application

EUP8060A/D '-g'a‘:t“ef; i
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Figure 16. Application Circuit
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FUNCTIONAL DESCRIPTION

The charge current is programmable using external
components (Risgr resistor). A typical charge profile is
shown below, for an operation condition that does not
cause the I C junction temperature to exceed Tygree), (112

typical).
Pre- Current

Conditioning Regulation
Phase Phase

Voltage Regulation and
Charge Termination
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Figure 17.Charging Profile Within T reg)

If the operating conditions cause the IC junction
temperature to exceed Tyreg), the charge cycle is
modified, with the activation of the integrated thermal
control loop. The thermal control loop is activated when
an internal voltage reference, which is inversely
proportional to the IC junction temperature, is lower
than a fixed, temperature stable internal voltage. The
thermal loop overrides the other charger control loops
and reduces the charge current until the IC junction
temperature returns to Tygreg), effectively regulating the
IC junction temperature.

A modified charge cycle, with the thermal loop active,
isshown in Figure 18.
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Figure 18.Charging Profile ,Thermal Loop Active

OPERATING MODES
Power Down

The EUP8060X family is in a power-down mode when
the input power voltage (IN) is below the power-down
threshold V yvLo). During the power down mode all IC
functions are off, and the host commands at the control
pins are not interpreted. The status output pins STAT1
and STAT2 are set to high impedance mode and PG
output is set to the high impedance state.

Sleep Mode

The EUP8060X enters the sleep mode when the input
power voltage (IN) is above the power down threshold
V(uvLo) but still lower than the input power detection
threshold, V(| N) < V(OUT) + VIN(DT)-

During the sleep mode the charger is off, and the host
commands at the control pins are not interpreted. The
status output pins STAT1 and STAT2 are set to the high
impedance state and the pG output indicates input power
not detected.

The sleep mode is entered from any other state, if the
input power (IN) is not detected.

Overvoltage L ockout

The input power is detected when the input voltage V (IN)
>V(OUT) + VnpT). The EUP8060X transitions from the
deep mode to the power-on-reset mode. In this mode of
operation an internal timer Tor) iS Started. Until the
timer expires the STAT1 and STAT2 outputs indicate
charger OFF, and the pG output indicates the input
power status as not detected.

At the end of the power-on-reset delay. The STATI,
STAT2and pG pinsare active.

Sand-By Mode

In the EUP8060B/C the stand-by mode is started at the
end of the power-on-reset phase, if the input power is
detected and CE = HI. In the stand-by mode selected
blocks in the IC are operational, and the control logic
monitors system status and control pins to define if the
charger will set to on or off mode. The quiescent current
required in stand-by modeis 50 pA typical.

If the CE pinisnot available the EUP8060X enters the
begin charge mode at the end of the power-on-reset
phase.

Begin Charge Mode

All blocks in the IC are powered up, and the EUP8060X
is ready to start charging the battery pack. A new charge
cycle is started when the control logic decides that all
conditions required to enable a new charge cycle are met.
During the begin charge phase all timers are reset, after
that the 1C enters the charging mode.

Charge Mode

When the charging mode is active the EUP8060X
executes the charging agorithm, as described in the
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Suspend Mode

The suspend mode is entered when the pack temperature
is not within the valid temperature range. During the
suspend mode the charger is set to off, but the timers are
not reset.

The normal charging mode resumes when the pack
temperature is within range.

LDO Mode Operation

The LDO Mode (TMR pin open circuit) disables the
charging termination circuit, disables the battery detect
routine and holds the safety timer clock in reset. Thisis
often used for operation without a battery or in
production testing. The OUT pin current can be
monitored via the ISET pin. If in LDO mode without a
battery present, It is recommended that a 200Q2 feedback
resistor,R8, be used, see Figure 16.

CONTROL LOGIC OVERVIEW

An externa host can enable or disable the charging
process using a dedicated control pin,CE. A low-level
signal on this pin enables the charge, and a high-level
signal disables the charge. The EUP8060X is in stand-by
mode with CE = HI. When the charger function is
enabled (CE= LO) a new charge is initiated. Table 1
describes the charger control logic operation, in
EUPB060X versions without the TS pin the pack temp
statusisinternally set to OK.

In both STANDBY and SUSPEND modes the charge
process is disabled. In the STANDBY mode all timers
are reset; in SUSPEND mode the timers are held at the
count stored when the suspend mode was set.

The timer fault, termination and output short circuit
variables shown in the control logic table are latched in
the detection circuits, outside the control logic. Refer to
the timers, termination and short circuit protection
sections for additional details on how those latched
variables are reset.

Temperature Qualification

(Appliesonly to versionswith TS pin option)

The EUPB060X continuously monitors battery
temperature by measuring the voltage between the TS
and VSS pins.

An internal current source provides the bias for most
common 10-kQ  negative-temperature  coefficient
thermistors (NTC). The device compares the voltage on
the TS pin against the internal Vtp and Ve
thresholds to determine if charging is allowed. Once a
temperature outside the Vrr and Vrr thresholds is
detected the device immediately suspend the charge. The
device suspend charge by turning off the power FET and
holding the timer value (i.e. timers are NOT reset).
Charge is resumed when the temperature returns to the
normal range.

However the user may modify these thresholds by adding
two external resistors. See Figure 16.

Input Overvoltage Detection, Power Good Status
Output

The input power detection status for pin IN is shown at
the open collector output pin pG .

Table 2. Input Power Detection Satus

INPUT POWER —
DETECTION (IN) PG STATE
NOT DETECTED High impedance
DETECTED, o
NO OVERVOLTAGE
DETECTED, o
OVERVOLTAGE High impedance

The EUP8060X detects an input overvoltage when V(IN)
> V(ove. The charger function is turned off and the
EUPB060X is set to standby mode of operation. The
OVP detection is not latched, and the IC returns to
normal operation when the fault condition is removed.

Table 1. Control Logic Functionality

EUP8060X _ INPUT TIMER OUTPUT TERMI PACK THERMAL POWER CHARGER
OPERATION CE POWER FAULT SHORT -NATION TEMP SHUTDOWN DOWN POWER
MODE (latched) CIRCUIT (latched) STAGE
POWER DOWN LO Low X X X X X Yes OFF
Not
SLEEP X Detected X X X X X No OFF
STANDBY HI Detected X X X X X No OFF
LO Detected X Yes X X X No
LO Detected No No Yes X X No OFF
LO Detected Yes No No X X No IFAULT
SEE STATE LO Detected No No Yes Absent T<Tshut No IDETECT
DIAGRAM LO | Detected No No No Hé’élgr T <Tgur No OFF
LO Detected No No No Ok TP Tshut No OFF
Over
LO Voltage No No No Ok T<Tshut No OFF
CHARGING LO Detected No No No Ok T<Tsqur No ON
DS8060X Ver 1.0 May 2008 13
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Charge Status Outputs

The open-drain STAT1 and STAT2 outputs indicate
various charger operations as shown in Table 3. These
status pins can be used to drive LEDs or communicate to
the host processor. Note that OFF indicates the open-
collector transistor is turned off.

Table 3. Charge Status @

Charge Sate STAT1 | STAT2
Precharge in progress ON ON
Fast charge in progress ON OFF
Done (termination enabled only) OFF ON
Charge Suspend (temperature)

Timer Fault

Charger off

Selected input power overvoltage | OFF OFF
detected

Battery absent

Batteryshort

(1) Pulse loading on the OUT pin may cause the IC to
cycle between Done and charging states (LEDs
Flashing)

(2) When termination is disabled (TMR pin floating or

TE = Hi, EUPB060C) the Done state is not
available; the status LEDs indicate fast charge if
Veat > Viowv and preCharge if Veat < Viowy. The
available output current is a function of the OUT pin
voltage, See Figure 23.

Battery Charging: Constant Current Phase

TheEUP8060 family offers on-chip current regulation.
The current regulation is defined by the value of the
resistor connected to ISET pin.

During a charge cycle the fast charge current loour) IS
applied to the battery if the battery voltage is above the
V (Lowv) threshold (2.95 V typical):

V x K
[(OUT) = lO(OUT) — _(SET) 7 T (SET) 3

R ISET

Where K(sery is the output current set factor and V(ser) IS
the output current set voltage.

During a charge cycle if the battery voltage is below the
Vowv) threshold a pre-charge current lprechg) IS
applied to the battery. This feature revives deeply
discharged cells.

Vv x K [
[(OUT) =1 — (551 (SET) _ Jo(0uT) (g
(PRECHG)
RlSET 10
Where K sery is the output current set factor and V precro)

is the precharge set voltage.
At low constant current charge currents, less than 350
mA,, it is recommended that a 0.47uF capacitor be placed

between the ISET and BAT pins to insure stability, see
Figure 16.

Charge Current Translator

When the charge function is enabled internal circuits
generate a current proportional to the charge current at
the ISET pin. This current, when applied to the external
charge current programming resistor Riser generates an
analog voltage that can be monitored by an external host
to calculate the current sourced from the OUT pin.

V(ISET) = 1(OUT) x E'—SEF ®)

(SET)

Battery Voltage Regulation

The battery pack voltage is sensed through the BAT pin,
which is tied directly to the positive side of the battery
pack. The EUP8060X monitors the battery pack voltage
between the BAT and VSS pins. When the battery
voltage rises to Voreg) threshold the voltage regulation
phase begins and the charging current begins to taper
down.The voltage regulation threshold Voreg) is fixed
by an internal |C voltage reference.

Pre-Charge Timer

The EUPB060X family activates an internal safety timer
during the battery pre-conditioning phase. The charge
safety timer time-out value is set by the external resistor
connected to TMR pin, RTMR and the timeout constants

K pcro) and Tcre):

Tiecrie) = Kircney X Ticho)
The pre-charge timer operation is detailed in Table 4.

Table 4. Pre-Charge Timer Operational M odes

VOUT > PRE-CHARGE
8060X Mode Viowy | TIMER MODE
STANDBY X RESET
(CE=Hi)
CHARGING Yes RESET
SUSPEND
(TS out of range) Yes RESET
SUSPEND
(TS out of range) No Hold
COUNTING,
CHARGING, TMR No EXTERNAL
PIN NOT OPEN PROGRAMMED
RATE
CHARGING, TMR
PIN OPEN X RESET
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In SUSPEND mode the pre-charge timer is put on hold
(i.e, pre-charge timer is not reset), norma operation
resumes when the timer returns to the normal operating
mode (COUNTING). If V(BAT) does not reach the
internal voltage threshold V owvy Within the pre-charge
timer period a fault condition is detected, the charger is
turned off and the pre-charge safety timer fault condition
is latched.

When the pre-charge timer fault latch is set the charger is
turned off. Under those conditions a small current lgauct
is applied to the OUT pin, as long as input power (IN) is
detected AND V(OUT) < V(Lowv), as part of atimer fault
recovery protocol. This current allows the output voltage
to rise above the pre-charge threshold V owv, resetting

the pre-charge timer fault latch when the pack is removed.

Table 5 further details the pre-charge timer fault latch
operation.

Table 5. Pre-Charge Timer Latch Functionality

PRE-CHARGE TIMER | PRE-CHARGE TIMER
FAULT ENTERED FAULT LATCH
WHEN RESET AT
CE rising edge or OVP
. . detected

Pre-charge timer timeout

AND V(OUT) >V owy | INPUt power removed
(not detected)
Timer function disabled

Thermal Protection Loop

An interna control loop monitors the EUP8060X
junction termperature (T;) to ensure safe operation during
high power dissipations and or increased ambient
temperatures. This loop monitors the EUPS060X
junction temperature and reduces the charge current as
necessary to keep the junction temperature from
exceeding, Tyree), (112°C, typical).

The EUPB060X 's thermal loop control can reduce the
charging current down to ~100mA if needed. If the
junction temperature continues to rise, the IC will enter
thermal shutdown.

Thermal Shutdown and Protection

Internal circuits monitor the junction temperature, T;, of
the die and suspends charging if T, exceeds an interna
threshold T(syum (155°C typical). Charging resumes
when T, fals below the internal threshold T(sut) by
approximately 20°C.

Dynamic Timer Function

The charge and pre-charge safety timers are programmed
by the user to detect a fault condition if the charge cycle
duration exceeds the total time expected under normal
conditions. The expected charge time is usualy
calculated based on the fast charge current rate.

When the thermal loop is activated the charge current is
reduced, and EUP8060X activates the dynamic timer
control, an interna circuit that slows down the safety
timer's clock frequency. The dynamic timer control
circuit effectively extends the safety time duration for
either the precharge or fast charge timer modes. This
minimizes the chance of a safety timer fault due to
thermal regulation.

The EUP8060X dynamic timer control (DTC) monitors
the voltage at pin ISET during pre-charge and fast charge,
and if in thermal regulation slows the clock frequency
proportionately to the change in charge current. The time
duration is based on ripple counter, so slowing the clock
frequency is a real time correction. The DTC circuit
changes the safety timers clock period based on the
V(sen/Vsem ratio (fast charge) or V ereche)/V (set) ratio
(pre-charge). Typical safety timer multiplier values
relative to the V(sen/Vsem ratio is shown in Figure 19
and Figure 20.

Charge Termination Detection and Recharge

The charging current is monitored during the voltage
regulation phase. Charge termination is indicated at the
STATX pins (STAT1 = Hi-Z; STAT2 = Low) once the
charge current fals below the termination current
threshold I(TERM)- A deglltCh perlOd TDGL(TERM) is added
to avoid false termination indication during transient
events.

Charge termination is not detected if the charge current
falls below the termination threshold as a result of the
thermal loop activation. Termination is also not detected
when charger enters the suspend mode, due to detection
of invalid pack temperature or internal thermal shutdown.
Table 6 describes the termination latch functionality.

Table 6. Termination Latch Functionality

TERMINATION TERMINATION

DETECTED
LATCHED WHEN LATCH RESET AT

CE rising edge or OVP

|(OUT)<|(TER|\/|) AND detected

t >TpeL(terv) AND
V(OUT) >V (ren)

New charging cycle
started; see state diagram

Termination disabled
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Thetermination function is DI SABLED:

1. In EUP8060A/B/D the termination is disabled when
the TMR pin isleft open (floating).

2. In EUP8060C leaving TMR pin open (floating) does
NOT disable the termination. The only way to disable
termination in the EUP8060C isto set TE = HIGH.

5
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PERIOD MULTIPLIACTION FACTOR

0 1 2 3 4 5
Vieer/V, V

sem)’ Ysem)”
Figure 19. Safety Timer Linearity Internal
Clock Period Multiplication Factor

=T70kQ

30 1
Ry = 50kQ

== 30kQ

T cwe) - Safety Timer - Hours

/

VeerViserV

Figure 20. Safety Timer Linearity for Rtvr
Values

@
o

.
o

=]
=

=1
=]

60

40

Core Oscillator Frequency - kHz
+-]

20

0 30 40 50 60 70 80
Irur Current-uA

Figure 21. Oscillator Linearity vsltur
Rruvr 30K Q-100K Q

Battery Absent Detection-Voltage Mode Algorithm

The EUP8060X provides a battery absent detection
scheme to reliably detect insertion and/or removal of
battery packs. The detection circuit applies an internal
current to the battery terminal, and detects battery
presence based on the terminal voltage behavior. Figure
22 has atypical waveform of the output voltage when the
battery absent detection is enabled and no battery is
connected:
Tek Run Sample

ch11.0v "M 100ms 5.0KS/s  200psipt

A Ch1r4.08Y
Figure 22. Battery-Absent Detection Waveforms

The battery absent detection function is disabled if the
voltage at the BAT pin is held above the battery recharge
threshold, V (rcry, after termination detection. When the
voltage at the BAT pin falls to the recharge threshold,
either by connection of a load to the battery or due to
battery removal, the EUP8060 begins a battery absent
detection test. This test involves enabling a detection
current, lperowny, for a period of Tperecry and
checking to see if the battery voltage is below the
pre-charge threshold, Vg owv). Following this, the
precharge current, lperwe) is applied for a period of
Tperecty and the battery voltage checked again to be
above the recharge threshold.

Passing both of the discharge and charging tests (battery
termina voltage being below the pre-charge and above
the recharge thresholds on the battery detection test)
indicates a battery absent fault at the STAT1 and STAT2
pins. Failure of either test starts a new charge cycle. For
the absent battery condition the voltage on the BAT pin
rises and fals between the Viowv) and Voreg
thresholds indefinitely. See the operation flowchart for
more details on this algorithm. If it is desired to power a
system load without a battery, it is recommended to float
the TMR pin which puts the charger in LDD mode
(disables termination).

The battery absent detection function is disabled when
the termination is disabled.

DS8060X Ver 1.0 May 2008
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Charge Safety Timer

As a safety mechanism the EUPB060X has a user
-programmable timer that monitors the total fast charge
time.
This timer (charge safety timer) is started at the
beginning of the fast charge period. The safety charge
timeout value is set by the value of an external resistor
connected to the TMR pin (Rrur); if pin TMR is left
open (floating) the charge safety timer is disabled.
The charge safety timer time-out value is calculated as
follows:

T(CHG) = [K(CHG) x R(TMR)]

The safety timer operation modes are shown in Table 7
Table 7. Charge Safety Timer Operational M odes

CHARGE
EUPS060X \\//OUT > SAFETY
tow) | TIMER MODE
STANDBY X RESET
CHARGING No RESET
SUSPEND NoO RESET
SUSPEND Yes SUSPEND
CHARGING, TMR
PIN NOT OPEN Yes COUNTING
CHARGING, TMR
PIN OPEN X RESET

In SUSPEND mode the charge safety timer is put on hold
(i.e., charge safety timer is not reset), normal operation
resumes when the TS fault is removed and the timer
returns to the normal operating mode (COUNTING). If
charge termination is not reached within the timer period
a fault condition is detected. Under those circumstances
the LED status is updated to indicate a fault condition
and the charger is turned off.

When the charge safety timer fault latch is set and the
charger is turned off a small current IFAULT is applied
to the OUT pin, as long as input power (IN) is detected
AND V(OUT) < V(rcHa), as part of atimer fault recovery
protocol. This current allows the output voltage to rise
above the recharge threshold V(rchg) if the pack is
removed, and assures that the charge safety timer fault
latch isreset if the pack is removed and re-inserted.

Table 8 further details the charge safety timer fault latch
operation.

Table 8. Charge Safety Timer Latch Functionality

CHARGE SAFETY CHARGE SAFETY
TIMER FAULT TIMER FAULT
ENTERED LATCH RESET AT
CE rising edge or OVP
detected
V(OUT) >V Input power removed
(OUT)>Veown | 1t detected)

New charging cycle
started; see state diagram

Short circuit Protection

The internal comparators monitor the battery voltage and
detect when a short circuit is applied to the battery
terminal. If the voltage at the BAT pin is less than the
internal threshold V(scind) (1.8V typical), the STAT pins
indicate a fault condition (STAT1 = STAT2 = Hi-2Z).
When the voltage at the BAT pin fals below a second
internal threshold V(sc) (1.4V typical), the charger power
stage is turned off. A recovery current, I(short) (22 mA
typica), is applied to the BAT pin, enabling detection of
the short circuit removal. The battery output current
versus battery voltage is shown in the graph, Figure 23.

1200
Riset at 1kQ

1000

800

Battery Current - mA
(=31
3

]

4 3.5 3 25 2 1.5 1 0.5 a

Battery Voltage - V
Figure 23. Short circuit Behavior
See the application section for additional details on
start-up operation with V(BAT) < V(sc).

Sartup with Deeply Depleted Battery Connected

The EUP8B060X charger furnishes the programmed
charge current if a battery is detected. If no battery is
connected the EUP8060X operates as follows:

- The output current is limited to 22 mA (typical), if the
voltage at BAT pin is below the short circuit detection
threshold V (s, 1.8 V typical.

- The output current is regulated to the programmed
pre-charge current if V(sc) < V(BAT) <V (Lowv)-

- The output current is regulated to the programmed fast
charge current If V(BAT) > Viowv) AND voltage
regulation is not reached.

The output voltage collapses if no battery is present and

the end equipment requires a bias current larger that the

available charge current.
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Packaging Information

TDFN-10
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L] H\ DETAILA
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[1] (1]
S O B B ! = =
I
DETAIL A
Thermal Pad Option
SYMBOLS MILLIMETERS INCHES
MIN. MAX. MIN. MAX.
A 0.70 0.80 0.028 0.031
Al 0.00 0.05 0.000 0.002
D 2.90 3.10 0.114 0.122
El 1.70 0.067
E 2.90 3.10 0.114 0.122
L 0.30 0.50 0.012 0.020
b 0.18 0.30 0.007 0.012
0.50 0.020
D1 240 0.094
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