FEELING
/TFCHNOLOGY CPE807

Power Bank IC with 1A Linear Charger and
2A Synchronous Boost Converter

Halogen
Free

General Description

The FP6807 is a highly integrated Power Bank IC with a Linear Li-lon Charger up to 1A charge
current and 2A output current Synchronous Boost Converter. With few external components, the
FP6807 could enable Charger and Booster simultaneously and is well suited for portable power bank
applications. In shutdown mode, reverse battery current Igar Will be reduced to below 10uA. Other
features include UVLO, automatic recharge, LED status indicators and booster output over-current /

over-voltage protection.

Features

Up to 1A Programmable Battery Charging Current

Low Stanby current: 120uA

Preset Charge Voltage with +1% Accuracy and Boost output Voltage: 5.1V (x2%)
Automatic Recharge

Low Shutdown-Mode Igar Current

Up to 90% Boost Conversion Efficiency

Up to 2A Boost Output Current (Vgar>3.3V)

Battery capacity Indicator

SCP & OCP & OVP for Boost Output

Thermal Protection

YV V V V V V V VY VY VY

Applications

» Portable Power Bank Applications

Typical Application Circuit
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FP6807
Function Block Diagram
Body Switch Ve
[— VBAT
vee Over Current
Protect Control
VO  VBAT
*Ht—> Body Switch
LED Charger Boost X
>:; Control Control
|
Current
Shutdown Sensing
Circuitry
Only Battery Charging Status Indicators
Status LED light

In Charging, Vear<3.7V

High speed strobe (T=0.6sec)

In Charging, 3.7V<Vgar<4.1V

Low speed strobe (T=2.4sec)

In Charging, 4.1V<Vgar<4.2V

ON

Charge Termination

OFF

Only Battery Discharging Status Indicators

Status

LED light

Discharging, Vear<3.5V

High speed strobe (T=0.6sec)

Discharging, 3.5V<Vgar<3.8V

Low speed strobe (T=2.4sec)

Discharging, Vear>3.8V

ON

Battery Charging and Discharging simultaneously

This datasheet contains new product information.

Status

LED light

Vpar<3.5V

High speed strobe (T=0.6sec)

3.5V<Vgar<4.1V

Low speed strobe (T=2.4sec)

4.1V<Vpar<4.2V

ON
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Battery Charging State Diagram

Shutdown Mode
Vee < Vyvio of
Vee < Vpat
CHRGB=Hi-Impedance

Vee 2 Vyvio and
Vee 2 Vpar +0.1V

Vear 2 2.9V Check

Vear

VBAT< 2.9V

Vee < Vyyio Or

Pre-Charge Mode Vee < Viar

Charge Current=1/10 - IgaT

VBAT >2.9V

Vece < Vyyo OF
Constant-Current Charge Mode | Vec < Vear
Charge Current=lgar

Vear > 4.1V

y

Vee < Vyyio O
Constant-Voltage Charge Mode Vee < Vear
Charge Voltage > 4.1V

Charge Current <1/10 - Igat

y

Vee < Vyvio or
Vgar < 4.1V Standby Mode
Charge Termination Vee < Vear

»

. —————————————
This datasheet contains new product information. Feeling Technology reserves the rights to modify the product specification without notice.
No liability is assumed as a result of the use of this product. No rights under any patent accompany the sales of the product.

Website: http://www.feeling-tech.com.tw

Rev. 0.63
3/20



FEELING
ﬁﬂ:nHNOLOGY

Pin Descriptions

FP6807

SOP-8L (EP)
Top View
Name | No. |I/O Description
VBAT 1 P |Battery Voltage
EN 2 | |Boost Enable Control
oC 3 I |Adjustable Current Limit (Floating invalid)
LX 4 I |Switch node and inductor connection pin
VO 5 | |Booster Output Voltage
LED 6 O |Battery Voltage Indicator
PROG 7 I |CC Charge Current Setting & monitor
VCC 8 P [Supply Voltage
Ep 9 P Ié:roCZrno(;md , Exposed PAD-Must connect to
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Marking Information

SOP-8L(EP)

FP6807
XXx-XXL

Halogen Free
Lot Number
Internal ID

Per - Half Month
Year

Halogen Free: Halogen free product indicator
Lot Number: Wafer lot number’s last two digits

For Example —> Lot : 123466 —» XXx-66L

Internal ID: Internal Identification Code
Per-Half Month: Production period indicator in half month time unit
For Example : A — First Half Month of January
B — Second Half Month of January
C — First Half Month of February
D — Second Half Month of February
Year: Production year’s last digit
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FP6807
Ordering Information
Part Number Operating Temperature Package MOQ Description
FP6807XR-G1 -25°C ~ +85°C SOP-8L(EP) 2500EA Tape & Reel
Absolute Maximum Ratings
Parameter Symbol Conditions Min. Typ. Max. Unit
Supply Voltage Vin -0.3 6 \
EN Voltage VEN -0.3 Vgar+0.3 V
LX Voltage Vix 0 10 \
All Other Pins -0.3 6 \%
BAT Pin Current IgaT 1.2 A
Junction Temperature T, +150 °C
Storage Temperature Ts -65 +150 T
81a 60 °CIW
Thermal Resistance SOP-8L(EP)
8ic 10 °CIW
Operating Temperature -25 +85 T
Lead Temperature (Soldering, 10 5
Sec) +260 C
Suggested IR Re-flow Soldering Curve
°C
A 10 sec
260 ==
+1.7°C / sec -1.2°C / sec
) 210 ==
£ 180 == —
) +0.23°C / sec
o
E
]
|_ P~
T +3.4°C / sec
25 =
! : —— > Sec
15 60 190 220230

Time
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FPG807
Recommended Operating Conditions
Parameter Symbol Conditions Min. | Typ. | Max. | Unit
Supply Voltage Vin 4.35 5.5 \
Booster Operation Supply Voltage Vear 3 4.2 \
Operating Temperature Ambient Temperature -25 85 °C

DC Electrical CharacteristiCs (Vin=5V, Vgar=3.3V ,Ta= 25°C, unless otherwise noted)

Parameter Symbol Test Conditions Min. | Typ. | Max. | Unit
VN Standby Current lvinste |Charge Termination 200 HA
Vin Shutdown Supply Current IVIN,SHDN Vi< Vear , Vin< Vaopuv 50 HA
Vear< Veatuv
Rproc=2.4K 450 500 550 mA
Rproc=1.2K 900 1000 1100 mA
BAT Pin Current IgaT
Standby-Mode, Vear=4.2V 0 -6 -15 A
Shutdown-Mode 16 +12 A
BAT CV Output (Float) Voltage Veoar  |0°C<Ta<85°C 4.158 4.2 4.242 \Y,
V\n Charge Under Voltage Lockout -
Threshold Vinwv  [Vin Rising 35 | 37 | 39 | Vv
Vin Charge Under Voltage Lockout
Threshold Hysteresis Vinuvivs 500 mv
Vin Rising 120 mV
Vin-Vear Charge Lockout Threshold Vasp
Vin Falling 10 mV
C/10 Charge Termination Current _
Threshold lteErM Rproc=1.2K 100 mA
LED Pin Output Sink Current ILep 35 mA
Battery Recharge Threshold Voltage | Vrechre  |VFLoaT-VRECHRG 100 mv
Recharge Comparator Filter Time Trechre  |Vear High to Low 0.8 mS
C/10 Charge Termination .
Comparator Filter Time Trerm |lsar Falling below Irerw 08 msS
Booster Under Voltage Lockout
falling threshold Vuvior 22 v
Booster Under Voltage Lockout
rising threshold Vuvio-R 2.6 \Y;
Booster Operation Frequency Fosc 400 500 600 KHz
Frequency Change with Voltage AfIAV |Vegar=3.0V to 4.2V 5 %
Maximum Duty Cycle Touty 90 %
Booster Output Voltage Vo 4.998 5.1 5.202 \%
Line Regulation Vea1=3.0V ~ 4.2V 0.2 % /V
Soft-Start Time Tss Vear=4.5V 2 ms
OCP Current locp Rocset=75kQ 3.43 A
Standby current Iste No Vcc,No loading 120 UuA
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FP6807

DC Electrical CharacteristiCS (Vin=5V, Vear=3.3V,Ta= 25°C, unless otherwise noted)

Parameter Symbol Test Conditions Min. | Typ. | Max. | Unit
High Side Switch RDS(ON) Ron-pmos 75 mQ
Low Side Switch RDS(ON) Ron-nmos 75 mQ
Thermal Shutdown Tum 150 °C
Thermal Shutdown Hysteresis 40 °C
EN Enable Voltage VENH 1.2
EN Shutdown Voltage VENL 1.1
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Typical Operating Characteristics
(Charger : Vcc=5V, Ta= 25°C, unless otherwise noted)

Charge Current vs. Supply Voltage
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(Boost : Vgar=3.3V, Vout=5.1V » Ta= 25°C, unless otherwise noted)

Efficiency vs. Output Current Output Voltage vs. Output Current
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Power ON Test Power OFF Test
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Function Description

FP6807

For Battery Charging

Operation

The FP6807 is with a linear battery charger designed primarily for charging single cell lithium-ion
battery. The charger uses a constant-current/constant-voltage charging algorithm with programmable
current. Charging current can be programmed up to 1A by an external single resistor. The FP6807
includes an internal P-channel power MOSFET and thermal regulation circuitry. No blocking diode or
external sense resistor are required. Thus, the basic charger circuit requires only two external

components. Furthermore, The FP6807 is capable of operating from a USB power source.

Normal Charge Cycle

A charge cycle begins when the voltage at the V,y pin rises above the UVLO threshold. If the BAT
pin voltage is smaller than 2.9V, the charger enter trickle charge mode. In this mode, the FP6807
supplies approximately 1/10 the programmed charging current to bring the battery voltage up to a safe
level for full current charging. When the BAT pin voltage rises above 2.9V, the charger enters
constant-current mode, where the full programmed charge current is supplied to the battery. When the
BAT pin approaches the final float voltage (4.1V), the FP6807 enters the constant-voltage mode and
the charge current begins to decrease. When the charge current drops to 1/10 of the programmed

value, the charge cycle ended.

Programming Charge Current
The charge current is programmed by a single resistor connected from the PROG pin to ground.
The battery charging current is 1200 times the current flowing out of the PROG pin. The required
resistor value can be calculated from the charge current with following equation:
1200

Rprog=
ICHG(MAX)

The instantaneous charging current may differ from above equation in trickle or constant voltage
modes. The instantaneous charging current provided to the battery can be determined by monitoring

the PROG pin voltage at any time with the following equation:

V,
ICHG= —EROG x1200
PROG

. —————————————
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Charge Termination

FP6807

A charge cycle is terminated when the charge current falls to 1/10 the programmed value after
the final float voltage is reached. The charge current is shut off and the FP6807 enters standby mode,
where the input supply current drops to 200uA. The FP6807 draws very few current from the battery in
standby mode. This feature reduces the charge and discharge cycles on the battery, further prolong
the battery life.

Thermal Protection when charging

An internal thermal feedback loop reduces the fixed charge current if the die temperature rises
above a preset value of approximately 100°C. This feature protects the FP6807 from excessive
temperature and allows the user to push the limits of the power handing capability of a given circuit
board without risk of damaging the FP6807. The charge current can be set according to typical
ambient temperature with the assurance that the charge will automatically reduce the current in worst

case condition.

Vin under Voltage Lockout (UVLO)

An internal under voltage lockout circuit monitors the input voltage and keeps the charger in
shutdown mode until V |y rises above the under voltage lockout threshold. The UVLO circuit has a
built-in hysteresis of 500mV. Furthermore, to protect against reverse current in the power MOSFET, the
UVLO circuit force the FP6807 to enter shutdown mode if Vy falls to within 20mV of the battery voltage.
If the UVLO comparator is tripped, the charger will not come out of shutdown mode until Vy rises

100mV above the battery voltage.

Automatic Recharge

Once the charge cycle is terminated, the FP6807 continuously monitors the voltage on the BAT
pin using a comparator with a 0.8ms filter time (Trecharce)- A charge cycle restarts when the battery
voltage falls below 4.1V (which corresponds to approximately 80% to 90% battery capacity).This
ensures that the battery is kept at or near a fully charged condition and eliminated the need for periodic

charge cycle initiations. LED output enters a strong pull-down state during recharge cycles.

. —————————————
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For Booster

Operation

The FP6807 is with a current mode boost converter. The constant switching frequency is 500KHz
and operates with pulse width modulation (PWM). The control loop architecture is peak current mode
control; therefore slope compensation circuit is added to the current signal to allow stable operation for

duty cycles larger than 50%.

Soft Start Function

Soft start circuitry is integrated into the FP6807 to avoid inrush current during power on. After the
IC is enabled, the output of error amplifier is clamped by the internal soft-start function, which causes

PWM pulse width increasing slowly and thus reducing input surge current.

Output No Load Automatic LED OFF

The FP6807 will be turn off the LED when the booster output is no load and no battery
discharging.

Over Temperature Protection (OTP)

The FP6807 will be shutdown automatically when the internal junction temperature is over 150°C.

The IC wake up when the junction temperature drops 40°C under the OTP threshold temperature.

Current Limit Program (OCP)

A resistor between OC and GND pin programs peak switch current. The resistor value should
be between 75k and 240k. The current limit can be set from 3.43A to 0.85A. Keep traces at this pin as
short as possible. Do not put capacitance at this pin. Set the over current trip point according to the

following equation :

_ 280000
ocp ~ T'0-3

% OC pin can’t floating.
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Application Information

FP6807

Power Dissipation

The conditions that cause the FP6807 to reduce charge current through thermal feedback can be
approximated by considering the power dissipated in the IC. For high charge current, the FP6807

power dissipation is approximately:

Po= (Vin-Vaar) * lear

Where Ppis the power dissipated, V¢ is the input supply voltage, Vgar is the battery voltage and
IgaT IS the charge current. It is not necessary to check any worst-case power dissipation scenarios
because the FP6807 will automatically reduce the charge current to maintain the die temperature
under 140°C approximately. The approximate ambient temperature at which the thermal feedback

begins to protect the IC is:

TA:14OQC — PDGJA
=140°C — (V|N'VBAT) * IBAT ° eJA

For example: Consider an FP6807 operating from a 5V wall adapter providing 0.5A to a 4.0V
Li-lon battery. The ambient temperature above which the FP6807 will begin to reduce the 0.5A charge

current is approximately:

Ta = 140°C — (5V — 4.0V) + (0.5A) * 60°C/W
= 140°C — 0.5W * 60°C/W = 140°C — 30°C
= 110°C

The FP6807 can be used above 110°C, but the charge current will be reduced to smaller than

500mA. The approximate current at a given ambient temperature can be calculated:

140°C-Ta

lpar= —— = ——
(Vi - VBar)- B34
Using the previous example with an ambient temperature of 90°C, the charge current will be

reduced to approximately:

140°C - 90°C
(5V -3.6V). 60°C/W

=595mA

lgar =
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Furthermore, the voltage at the PROG pin will change proportionally with the charge current as

FP6807

discussed in the Programming Charge Current section. It is important to remember that FP6807
applications do not need to be designed for worst-case thermal conditions since the IC will

automatically reduce power dissipation when the junction temperature reaches approximately 140°C.

Board Layout Considerations

Because of the small size of the SOP-8L(EP), it is very important to apply a good thermal
conduction PC board layout to maximize the available charge current. The thermal path for the heat
generated by the IC is from the die through the package leads(especially the ground lead) to the PC
board copper. The PC board copper is the heat sink. The copper pads footprint should be as large as
possible and expand out to large copper areas to spread and dissipate the heat to the surrounding
ambient. Feed-through vias to inner or backside copper layers are also useful in improving the overall
thermal performance of the charger. Other heat source on the board, not related to the charger, must
also be consider when designing a PC board layout because they will affect overall temperature rise

and the maximum charge current.

Vin Bypass Capacitor

Many types of capacitors can be used for 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 generated under some start-up
conditions, such as connecting the charger input to a live power source. Adding a 0.4Q resistor in

series with an X5R ceramic capacitors (as shown in Figure 1) will minimize start-up voltage transients.

VlN
é Rce
Vcc
BAT
=="10vF FP6807
—1_Li-lon
PROG “T— CELL
GND
Rproc
FIGURE 1
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USB and Wall Adapter Power

FP6807

Although the FP6807 allows charging from a USB port, a wall adapter can also be used to charge
Li-ion batteries. Figure 2 shows an example of how to combine wall adapter and USB power inputs. A
P-channel MOSFET, MP1, is used to prevent back conducting into the USB port when a wall adapter is
present. The schottky diode, D1, is used to prevent USB power loss through the 10kQ pull-down
resistor.

Typically, a wall adapter can supply significantly more current than the 500mA-limited USB port.
Therefore, an N-channel MOSFET, MN1, and an extra program resistor are used to increase the

charge current to 600mA when the wall adapter is present.

5V WALL
ADAPTER
600MA | i o lere
— - SYSTEM
- —
SAT LOAD
USBPOWER 14
500MAlpe * vee  FP6807
MP1 .
PROG —
—_ e Li-ion
104F Battery
MV
MN1 12kQ
10kQ 2.4kQ
FIGURE 2
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Inductor Selection

FP6807

Inductance value is decided based on different condition. 2.2uH to 4.7uH inductor value is
recommended for general application circuit. There are three important inductor specifications, DC
resistance, saturation current and core loss. Low DC resistance has better power efficiency. Also, it

avoid inductor saturation which will cause circuit system unstable and lower core loss at 1 MHz.

Capacitor Selection
The output capacitor is required to maintain the DC voltage. Low ESR capacitors are preferred to
reduce the output voltage ripple. Ceramic capacitor of X5R and X7R are recommended, which have

low equivalent series resistance (ESR) and wider operation temperature range.

Layout Considerations

1. The power traces, consisting of the GND trace, the LX trace,the Vcc trace and the Vgar trace
should be kept short, direct and wide.

2. Layout LX switching node wide and short trace to reduce EMI.

3. Place C2 and C5 near VBAT pin as closely as possible to maintain input voltage steady and
filter out the pulsing input current.

4. The GND of the IC, C2, C5 and C3, C4 should be connected close together directly to a power

ground plane.

—fpe o
BAT ._ﬁ_. —{F— VIN

[+ K
R1
R2 R4
E j VIATO GND
VIATO GND FP6807
—\\W\—e

R

RED [

E Light VIA TO BAT

GND ._Ll,_. VO
ol

R3

AN

ol [

Suggested Layout
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Typical Application

VBAT
VIN
3.7V
FP6807 sV
Q o
LVBAT vee P 3
R110kQ
AN o 2l PROG X RED
Light
LEDf® }4
' ' | vl . oVour
| GND 5.1V/2A
|
e —— s | = rei2a — c
22uF/X5R—— 22uF/X5R | - ' —T— 10uF/X5R
1 22uF/X5R 22uFIX5R
|
|
. 4 ; —®
— L || ClosetoIC GND Close to IC GND

Optional Optional

Note:

1.  Use ceramic capacitor of X5R or X7R for C1 , C2 , C3, C4 and C5.

2. EN voltage must be less than or equal to Vgar voltage.
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Package Outline

SOP-8L (EP)

FP6807

0.408TYP.

1.270TYP,

0.203TYP.

0.381x45°
[
:
7/

D1

4 HIH

B

N

’

E1

S’ FTHHH

EXPOSE PAD(EP))
(BOTTOM VIEW)

9 <
SEATING PLANE
[So-T0iNx]
Symbols Min. (mm) Max. (mm)
A 1.346 1.752
Al 0.050 0.152
A2 1.498
4.800 4.978
3.810 3.987
5.791 6.197
0.406 1.270
6° 0° 8°
Exposed PAD Dimensions:
Symbols Min. (mm) | Max. (mm)
E1l 2.184 REF
D1 2.971 REF

Note:
1. JEDEC Outline : N/A

2. Dimensions “D” does not include mold flash, protrusions or gate burrs mold flash

3. Protrusions and gate burrs shall not exceed .15mm (.006in) per side.

Dimensions “E” does not include inter-lead flash or protrusions inter-lead flash and protrusions

4. Shall not exceed 25mm (.010in) per side.

1 —
Feeling Technology reserves the rights to modify the product specification without notice.
No liability is assumed as a result of the use of this product. No rights under any patent accompany the sales of the product.

This datasheet contains new product information.

Website: http://www.feeling-tech.com.tw

20/20

Rev. 0.63



