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MICROCHIP

MCP73113/4

Single-Cell Li-Ion/Li-Polymer Battery Charge Management

Controller with Input Overvoltage Protection

Features:

Complete Linear Charge Management Controller:

- Integrated Input Overvoltage Protection

- Integrated Pass Transistor

- Integrated Current Sense

- Integrated Reverse Discharge Protection
Constant Current/Constant Voltage Operation
with Thermal Regulation

4.15V Undervoltage Lockout (UVLO)

18V Absolute Maximum Input with OVP:

- 6.5V (MCP73113)

- 5.8V (MCP73114)

High Accuracy Preset Voltage Regulation Through
Full Temperature Range (-5°C to +55°C): +0.5%

Battery Charge Voltage Options:
- 4.10V, 4.20V, 4.35V or 4.4V

Resistor Programmable Fast Charge Current:

- 130 mA-1100 mA

Preconditioning of Deeply Depleted Cells:
- Available Options: 10% or Disable
Integrated Precondition Timer:

- 32 Minutes or Disable

Automatic End-of-Charge Control:

- Selectable Minimum Current Ratio:
5%, 7.5%, 10% or 20%

- Elapse Safety Timer: 4 HR, 6 HR, 8 HR or
Disable

Automatic Recharge:

- Available Options: 95% or Disable
Charge Status Output-Two Style Options
Soft Start

Temperature Range: -40°C to +85°C
Packaging: DFN-10 (3 mm x 3 mm)

Applications:

Low-Cost Li-lon/Li-Poly. Battery Chargers
MP3 Players

Digital Still Camera

Portable Media Players

Handheld Devices

Bluetooth® Headsets

USB Chargers

Description:

The MCP73113/4 are highly integrated Li-lon battery
charge management controllers for use in
space-limited and cost-sensitive applications. The
MCP73113/4 devices provide specific charge
algorithms for Li-lon/Li-Polymer batteries to achieve
optimal capacity and safety in the shortest charging
time possible. Along with their small physical size, the
low number of external components make the
MCP73113/4 ideally suitable for portable applications.
The absolute maximum voltage, up to 18V, allows the
use of MCP73113/4 in harsh environments, such as
low cost wall wart or voltage spikes from plug/unplug.

The MCP73113/4 devices employ a constant current/
constant voltage charge algorithm. The various
charging voltage regulations provide design engineers
flexibility to use in different applications. The fast
charge, constant current value is set with one external
resistor from 130 mA to 1100 mA. The MCP73113/4
devices limit the charge current based on die
temperature during high power or high ambient
conditions. This thermal regulation optimizes the
charge cycle time while maintaining device reliability.

The PROG pin of the MCP73113/4 also serves as
enable pin. When high-impedance is applied, the
MCP73113/4 will be in Standby mode.

The MCP73113/4 devices are fully specified over the
ambient temperature range of -40°C to +85°C. They
are available in a 10-lead, DFN package.

Package Types (Top View)

MCP73113/4
3x3 DFN *

Vppl1:© 10| PROG
Vppl2: " T119]Vgs
'8 Vss
17| STAT
'6|/NC

Vear|4:.

2
VBat|3: | 1
4
NC|5:

* Includes Exposed Thermal Pad (EP); see Table 3-1.
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MCP73113/4

Typical Application

MCP73113/4 Typical Application

AC-DC Adapter Vop VBAT * I
VDD VBAT I +
1-Cell
STAT PROG = Li-lon
Battery
5|nC Vs |2 RproG
6|nC Vs |2 1
SS ®
L
TABLE 1: AVAILABLE FACTORY PRESET OPTIONS
PR s " End-of- .
Charge OVP Preconditioning | Preconditioning | Precondition Elapse Charge Automatic | Output
Voltage Charge Current Threshold Timer Timer Cont?ol Recharge | Status
4.10V 5.8V/6.5V Disable/10% 66.5%/71.5% Disable/ Disable/4 HR/ | 5%/7.5%/ No/Yes Type 1/
32 Minimum 6 HR/8 HR 10%/20% Type 2
4.20V 5.8V/6.5V Disable/10% 66.5%/71.5% Disable/ Disable/4 HR/ | 5%/7.5%/ No/Yes Type 1/
32 Minimum 6 HR/8 HR 10%/20% Type 2
4.35V 5.8V/6.5V Disable/10% 66.5%/71.5% Disable/ Disable/4 HR/ | 5%/7.5%/ No/Yes Type 1/
32 Minimum 6 HR/8 HR 10%/20% Type 2
4.40V 5.8V/6.5V Disable/10% 66.5%/71.5% Disable/ Disable/4 HR/ | 5%/7.5%/ No/Yes Type 1/
32 Minimum 6 HR/8 HR 10%/20% Type 2
Note 1: Iggg: Regulated fast charge current
2: VRgg: Regulated charge voltage
3:  Ipreg/Ireg: Preconditioning charge current; ratio of regulated fast charge current
4:  |tgrw/IReg: End-of-Charge control; ratio of regulated fast charge current
5: MCP73113: Voyp = 6.5V, MCP73114: Voyp = 5.8V
6: Vgrru/VReg: Recharge threshold; ratio of regulated battery voltage, 0% or 95%. 0% = Disabled
7:  Vptu/VReg: Preconditioning threshold voltage
8: Output Status: Type 1 Fault Output Status = High Z, Type 2 Fault Output Status = Flashing
TABLE 2: STANDARD SAMPLE OPTIONS
Part Vreg | OVP | lprec/lreg | Precharge | Elapsed | ltgrm/lreg | Auto Recharge | Vpry/VReg | Output
Number Timer Timer Threshold Status
(0%=Disabled)
MCP73113-16S/MF | 4.10V | 6.5V 10% 32 Min. 6 HR 10% 95% 71.5% Type 1
MCP73113-06S/MF | 4.20V | 6.5V 10% 32 Min. 6 HR 10% 95% 71.5% Type 1
MCP73114-ONS/MF | 4.20V | 5.8V 10% 32 Min. 6 HR 10% 95% 71.5% Type 1

Note 1:

Customers should contact their distributor, representatives or field application engineer (FAE) for support and samples.

Local sales offices are also available to help customers. A listing of sales offices and locations is included in the back of
this document. Technical support is available through the web site at: http//support.microchip.com.
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MCP73113/4

Functional Block Diagram
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MCP73113/4

NOTES:
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MCP73113/4

1.0 ELECTRICAL

CHARACTERISTICS

Absolute Maximum Ratingst

VDD iereereremrmese e 18.0V
VPROG «++veerereemsemirntiiie st s 6.0V
All Inputs and Outputs w.r.t. Vgg ..ccooveneeeee. -0.3 to (Vpp+0.3)V
Maximum Junction Temperature, T ............ Internally Limited
Storage temperature ..........ccccoeeveeiieenieeenienne -65°C to +150°C

ESD protection on all pins
Human Body Model (1.5 kQ in Series with 100 pF)....... >4 kV
Machine Model (200 pF, No Series Resistance)............. 300V

DC CHARACTERISTICS

T Notice: Stresses above those listed under “Maximum
Ratings” may cause permanent damage to the device. This is
a stress rating only and functional operation of the device at
those or any other conditions above those indicated in the
operational listings of this specification is not implied.
Exposure to maximum rating conditions for extended periods
may affect device reliability.

Electrical Specifications: Unless otherwise indicated, all limits apply for Vpp= [Vgreg(Typical) + 0.3V] to 6V,
Ta =-40°C to +85°C. Typical values are at +25°C, Vpp = [VReg (Typical) + 1.0V]
Parameters | Sym. ‘ Min. Typ. Max. | Units | Conditions
Supply Input
Input Voltage Range Vbp 4 — 16 \Y
Operating Supply Voltage Vpbp 4.2 — 6.5 Vv
Supply Current Iss — 4 5.5 MA | Shutdown (Vpp < Vgar - 150 mV)
— 700 1500 WA | Charging
— 30 100 WA | Standby (PROG Floating)
— 50 150 WA | Charge Complete; No Battery;
Vbp < VsTop
Battery Discharge Current
Output Reverse Leakage IDISCHARGE — 0.5 A | Standby (PROG Floating)
Current — 0.5 WA | Shutdown (Vpp < Vaar,
or Vpp < Vgrop)
6 17 pA | Charge Complete; Vpp is present
Undervoltage Lockout
UVLO Start Threshold VSTART 4.10 4.15 4.25 Vv
UVLO Stop Threshold Vstop 4.00 4.05 4.15 \
UVLO Hysteresis Vhys — 100 — mV
Overvoltage Protection
OVP Start Threshold Vovp 6.4 6.5 6.6 V.  |MCP73113
5.8 5.9 6.0 V  |MCP73114
OVP Hysteresis VovpPHYS — 150 — mV
Voltage Regulation (Constant-Voltage Mode)
Regulated Output Voltage VReG 4.079 4.10 4121 V | Tp=-5°Cto 55°C
Options 4.179 4.20 4.221 V| Vpp = [VRea(Typical)+1V]
4.328 4.35 4.372 V. |loyr=50mA
4.378 4.40 4.422 \Y
Output Voltage Tolerance VgrtoL -0.5 — 0.5 %
Line Regulation [(AVgat/ — 0.05 0.20 %I/ | Vpp = [Vreg(Typical)+1V] to 6V
VBaT)/AVpp lout = 50 mA
Load Regulation |AVBaT/VBAaTI — 0.05 0.20 % | loyt =50 mA - 150 mA
Vob = [VReg(Typical)+1V]
Supply Ripple Attenuation PSRR — -46 — dB |loyT=20 mA, 10 Hz to 1 kHz
— -30 — dB | loyt =20 mA, 10 Hz to 10 kHz

Note 1: Not production tested. Ensured by design.

© 2009-2013 Microchip Technology Inc.
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MCP73113/4

DC CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise indicated, all limits apply for Vpp= [Vgreg(Typical) + 0.3V] to 6V,
Ta =-40°C to +85°C. Typical values are at +25°C, Vpp = [VReg (Typical) + 1.0V]

Parameters | Sym. ‘ Min. Typ. ‘ Max. | Units | Conditions
Battery Short Protection
BSP Start Threshold VSHORT — 1.7 — "
BSP Hysteresis VBspPHYS — 150 — mV
BSP Regulation Current ISHORT — 25 — mA
Current Regulation (Fast Charge, Constant-Current Mode)
Fast Charge Current IrReg 130 — 1100 mA | Tp=-5°Cto +55°C
Regulation — 130 — mA | PROG = 10 kQ
— 1000 — mA | PROG = 1.1 kQ
Charge Current Tolerance IRTOL — 10 — %
Preconditioning Current Regulation (Trickle Charge Constant-Current Mode)
Precondition Current Ratio | lpreg/ IReg 8 10 15 % | PROG =1kQto 10 kQ
Tp=-5°C to +55°C
— 100 — % | No Preconditioning
Precondition Voltage VetH/ VREG 64 66.5 69 % | Vgat Low-to-High
Threshold Ratio 69 715 74 %
Precondition Hysteresis Vpuys — 100 — mV | Vgat High-to-Low (Note 1)
Charge Termination
Charge Termination lterm / IReG 3.75 5 6.25 % | PROG =1kQto 10 kQ
Current Ratio 56 75 9.4 o | Ta=-5°Cto +55°C
75 10 12.5 %
15 20 25 %
Automatic Recharge
Recharge Voltage VgrtH/ VReEG 93 95.0 97 % | Vgar High-to-Low
Threshold Ratio No Automatic Recharge
— 0 — %
Pass Transistor ON-Resistance
ON-Resistance Rpson — 350 — | ma [Vpp=45V, T,=105°C (Note 1)
Status Indicator — STAT
Sink Current IsINK — 20 35 mA
Low Output Voltage VoL — 0.2 0.5 V. |lgnk =4 mA
Input Leakage Current Ik — 0.001 1 pA | High-Impedance, Vpp on pin
PROG Input
Charge Impedance Range Rproa 1 — 21 kQ
Shutdown Impedance Rproa 70 200 — kQ | Impedance for Shutdown
PROG Voltage Range VpRroG 0 — 5 \
Automatic Power Down
Automatic Power Down VpPDENTRY VBaT + VBaT + — V2.3V <Vgar< VReGg
Entry Threshold 10 mV 50 mV Vpp Falling
Automatic Power Down VppEXIT — VBaT + VBaT + V2.3V <Vgar< VReGg
Exit Threshold 150 mV 250 mV Vpp Rising
Thermal Shutdown
Die Temperature Tsp — 150 — °C
Die Temperature TspHys — 10 — °C
Hysteresis
Note 1: Not production tested. Ensured by design.

DS20002183E-page 6

© 2009-2013 Microchip Technology Inc.




MCP73113/4

AC CHARACTERISTICS

Electrical Specifications: Unless otherwise specified, all limits apply for Vpp= [Vreg(Typical)+0.3V] to 6V, Tp=-40°C to +85°C.
Typical values are at +25°C, Vpp= [Vreg(Typical)+1.0V]

Parameters Sym. | Min. | Typ. | Max. | Units ‘ Conditions
Elapsed Timer
Elapsed Timer Period tELAPSED — 0 — Hours | Timer Disabled
3.6 4.0 4.4 Hours
5.4 6.0 6.6 Hours
7.2 8.0 8.8 Hours
Preconditioning Timer
Preconditioning Timer Period tPRECHG — 0 — Hours | Disabled Timer
0.4 0.5 0.6 Hours
Status Indicator
Status Output turn-off delay torr — — 500 us Isink =1 mAto 0 mA
(Note 1)
Status Output turn-on delay ton — — 500 us Isink =0mAto 1 mA
(Note 1)

Note 1: Not production tested. Ensured by design.

TEMPERATURE SPECIFICATIONS

Electrical Specifications: Unless otherwise indicated, all limits apply for Vpp = [Vgeg (Typical) + 0.3V] to 6V.
Typical values are at +25°C, Vpp = [VRreg (Typical) + 1.0V]

Parameters Sym. | Min. | Typ. ‘ Max. | Units | Conditions
Temperature Ranges
Specified Temperature Range Ta -40 — +85 °C
Operating Temperature Range Ty -40 — +125 °C
Storage Temperature Range Ta -65 — +150 °C
Thermal Package Resistances
Thermal Resistance, DFN-10 (3x3) 04a — 64 — °C/W | 4-Layer JC51-7 Standard Board,
Natural Convection
04c — 12 — °C/W

© 2009-2013 Microchip Technology Inc.
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MCP73113/4

NOTES:
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MCP73113/4

2.0 TYPICAL PERFORMANCE CURVES

Note:  The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.
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FIGURE 2-1: Battery Regulation Voltage
(Vgat) vs. Supply Voltage (Vpp).

4220

% 4215 lLoap = 150 mA _|

& Vgar =4.2V

£ 4210 Ta= +25°C|

2 4.205

o

% 4200

B 4.195

né, 4.190

£ 4485

@ 4180

45 48 5.1 5.4 57 6.0
Supply Voltage (V)

FIGURE 2-2: Battery Regulation Voltage

(Vga1) Vs. Supply Voltage (Vpp).

__4.220
4.215
4.210
4.205
4.200 |
4.195
4.190
4.185
4.180 | loap =50 mA
4175 | Voo =52V
4170 ‘

-5 5 15 25 35 45 55

Ambient Temperature (°C)

Battery Regulation Voltage (V.

Note: Unless otherwise indicated, Vpp = [VReg(Typical) + 1V], loyt = 50 mA and Tp= +25°C, Constant-Voltage mode.
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FIGURE 2-6: Charge Current (Ioyt) vs.
Supply Voltage (Vpp).
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MCP73113/4

TYPICAL PERFORMANCE CURVES (CONTINUED)

Note: Unless otherwise indicated, Vpp = [Vreg(Typical) + 1V], oyt = 10 mA and Ta= +25°C, Constant-Voltage mode.
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MCP73113/4

TYPICAL PERFORMANCE CURVES (CONTINUED)

Note: Unless otherwise indicated, Vpp = [Vreg(Typical) + 1V], oyt = 10 mA and Ta= +25°C, Constant-Voltage mode.

5.0 1
45 0.9
T R 540 0 2
Jnput Voltage © 1 kb | &30 06 &
Batter):ﬂ\/oltagfl . Jl : §2_5 \\ 0_55
£15 03 g
@ 1.0 R =2k0 02
0.5 | g7e mAn Batter S~ 01
oo 875 mAh B‘ll y ™ o
0 15 30 45 60 75 90 105 120
Time (Minutes)
FIGURE 2-13:  Overvoltage Protection Start FIGURE 2-16:  Complete Charge Cycle
(50 ms/Div). (875 mAh Li-lon Battery.
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FIGURE 2-14: Overvoltage Protection Stop FIGURE 2-17: Line Transient Response
(50 ms/Div). (lioap = 10 mA, Output: 1.0V/Div,
Source: 2.0V/Div).
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FIGURE 2-15: Load Transient Response FIGURE 2-18: Line Transient Response
(lLoap = 50 mA, Output: 100 mV/Div, (l.oap = 100 mA, Output: 1.0V/Div,
Time: 100 us/Div). Source: 2.0V/Div).
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NOTES:
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MCP73113/4

3.0 PIN DESCRIPTION

The descriptions of the pins are listed in Table 3-1.

TABLE 3-1: PIN FUNCTION TABLES
MCP73113/4
Symbol 110 Function
DFN-10
1,2 Vbp | | Battery Management Input Supply
3,4 VBaT I/O | Battery Charge Control Output
5,6 NC — | No Connection
7 STAT O | Battery Charge Status Output
8,9 Vss — | Battery Management OV Reference
10 PROG I/O | Battery Charge Current Regulation Program and Charge Control Enable
11 EP — | Exposed Pad

3.1 Battery Management Input Supply
(Vpp)

A supply voltage of [Vrgg (Typical) + 0.3V] to 6.0V is
recommended. Bypass to Vgg with a minimum of 1 pF.
The Vpp pinis rated 18V absolute maximum to prevent
sudden rise of input voltage from spikes or low-cost
AC-DC wall adapter.

3.2 Battery Charge Control Output
(Vear)

Connect to the positive terminal of the battery. Bypass
to Vgg with a minimum of 1 pF to ensure loop stability
when the battery is disconnected.

3.3 No Connect (NC)

No connect.

3.4 Battery Management 0V Reference
(Vss)

Connect to the negative terminal of the battery and
input supply.

3.5 Status Output (STAT)

STAT is an open-drain logic output for connection to an
LED for charge status indication in stand-alone
applications. Alternatively, a pull-up resistor can be
applied for interfacing to a host microcontroller. Refer to
Table 5-2 for a summary of the status output during a
charge cycle.

3.6 Current Regulation Set (PROG)

The fast charge current is set by placing a resistor from
PROG to Vgg during Constant-Current (CC) mode.
PROG pin is rated up to 5V with 6V absolute maximum
value.

The PROG pin also serves as a charge control enable
pin. Allowing the PROG pin to float or connecting the
pin to an impedance greater than 200 kQ will disable
the MCP73113/4 charger. Refer to Section 5.5
“Constant Current MODE - Fast Charge” for
details.

3.7 Exposed Pad (EP)

The Exposed Thermal Pad (EP) should be connected
to the exposed copper area on the Printed Circuit
Board (PCB) to enhance thermal power dissipation.
Additional vias on the copper area under the
MCP73113/4 device will improve the performance of
heat dissipation and simplify the assembly process.

© 2009-2013 Microchip Technology Inc.
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NOTES:
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MCP73113/4

4.0 DEVICE OVERVIEW

The MCP73113/4 are simple, but fully integrated linear charge management controllers. Figure 4-1 depicts the

operational flow algorithm.

SHUTDOWN MODE
Vop < VuvLo
Vop < Vep
or
PROG > 200 kQ
STAT = high Z

t Vear < VpTH

Vop < Vove PRECONDITIONING MODE Timer Expired TIMER FAULT
Charge Current = | No Charge Current
g AT Lo e »| STAT = Flashing (Type 2)
Timer Reset STAT = high Z (Type 1)
Timer Enable Timer Suspended
Vop > Vove i
Vop > Vove v Veat > VpTH
Vear > VeTH
< FAST CHARGE MODE <
OVERVOLTAGE PROTECTION Charge Current = |ggg Timer Expired
No Charge Current STAT = LOW ‘
STAT = high Z Timer Reset v v TIMER FAULT
Timer Suspended Timer Enabled BAT < VRTH No Charge Current
— < STAT = Flashing (Type 2)
STAT = high Z (Type 1)
v v v Y Timer Suspended
Vpp > Vovp DD < VOvP BAT = VREG
Voo < Vove CONSTANT VOLTAGE MODE
P> Charge Voltage = Vgeg
STAT = LOW
VeaT < ltERM
\ 4

Die Temperature < TgpHys
Charge Mode Resume

Die Temperature > Tgp

v

A

CHARGE COMPLETE MODE
No Charge Current

STAT = high Z
Timer Reset

VBaT > VsHorT
Charge Mode Resume

A

TEMPERATURE FAULT
No Charge Current

STAT = Flashing (Type 2)
STAT = high Z (Type 1)
Timer Suspended

Veart < VsHoRT

Y

BATTERY SHORT PROTECTION
Charge Current = Igyort
STAT = Flashing (Type 2)

STAT = high Z (Type 1)
Timer Suspended

FIGURE 4-1:

The MCP73113/4 Flowchart.

© 2009-2013 Microchip Technology Inc.
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NOTES:
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MCP73113/4

5.0 DETAILED DESCRIPTION

5.1 Undervoltage Lockout (UVLO)

An internal undervoltage lockout (UVLO) circuit
monitors the input voltage and keeps the charger in
Shutdown mode until the input supply rises above the
UVLO threshold. In the event a battery is present when
the input power is applied, the input supply must rise
approximately 150 mV above the battery voltage
before the MCP73113/4 device becomes operational.

The UVLO circuit places the device in Shutdown mode
if the input supply falls to approximately 150 mV above
the battery voltage.The UVLO circuit is always active.
At any time, the input supply is below the UVLO
threshold or approximately 150 mV of the voltage at the
Vgar pin, the MCP73113/4 device is placed in a
Shutdown mode.

5.2 Overvoltage Protection (OVP)

An internal overvoltage protection (OVP) circuit
monitors the input voltage and keeps the charger in
Shutdown mode when the input supply rises above the
OVP threshold. The hysteresis of OVP is
approximately 150 mV for the MCP73113/4 device.

The MCP73113/4 device is operational between UVLO
and OVP threshold. The OVP circuit is also recognized
as overvoltage lockout (OVLO).

5.3 Charge Qualification

When the input power is applied, the input supply must
rise 150 mV above the battery voltage before the
MCP73113/4 becomes operational.

The automatic power-down circuit places the device in
a Shutdown mode if the input supply falls to within
+50 mV of the battery voltage.

The automatic circuit is always active. At any time the
input supply is within +50 mV of the voltage at the
Vgar pin, the MCP73113/4 is placed in a Shutdown
mode.

For a charge cycle to begin, the automatic power-
down conditions must be met and the charge enable
input must be above the input high threshold.

53.1  BATTERY MANAGEMENT INPUT
SUPPLY (Vpp)

The Vpp input is the input supply to the MCP73113/4.
The MCP73113/4 automatically enters a Power-Down
mode if the voltage on the Vpp input falls to within
+50 mV of the battery voltage. This feature prevents
draining the battery pack when the Vpp supply is not
present.

5.3.2 BATTERY CHARGE CONTROL
OUTPUT (Vgar)

The battery charge control output is the drain terminal
of an internal P-channel MOSFET. The MCP73113/4
devices provide constant current and voltage
regulation to the battery pack by controlling this
MOSFET in the linear region. The battery charge
control output should be connected to the positive
terminal of the battery pack.

5.3.3 BATTERY DETECTION

The MCP73113/4 detects the battery presence by
monitoring the voltage at Vgat. The charge flow will ini-
tiate when the voltage on Vgag is below the VRecHARGE
threshold. Refer to Section 1.0 “Electrical Character-
istics” for VRecnarge values. The value will be the
same for the non-rechargeable device.

When Vgar > VReg + hysteresis, the charge will be
suspended or not started, depending on the current
charge status, to prevent overcharging.

54 Preconditioning

If the voltage at the Vpgar pin is less than the
preconditioning threshold, the MCP73113/4 device
enters a Preconditioning mode. The preconditioning
threshold is factory set. Refer to Section 1.0
“Electrical Characteristics” for preconditioning
threshold options.

In this mode, the MCP73113/4 device supplies 10% of

the fast charge current (established with the value of
the resistor connected to the PROG pin) to the battery.

When the voltage at the Vgat pin rises above the pre-
conditioning threshold, the MCP73113/4 device enters
the constant current (Fast Charge) mode.

Note: The MCP73113/4 also offer options withI

no preconditioning.

5.4.1 TIMER EXPIRED DURING
PRECONDITIONING MODE

If the internal timer expires before the voltage threshold
is reached for Fast Charge mode, a timer fault is
indicated and the charge cycle terminates. The
MCP73113/4 device remains in this condition until the
battery is removed or input power is cycled. If the
battery is removed, the MCP73113/4 device enters the
Standby mode where it remains until a battery is
reinserted.

Note: The typical preconditioning timer for
MCP73113/4 is 32 minutes. The
MCP73113/4 also offer options with no

preconditioning timer.

© 2009-2013 Microchip Technology Inc.

DS20002183E-page 17



MCP73113/4

5.5 Constant Current MODE - Fast
Charge

During the Constant-Current mode, the programmed
charge current is supplied to the battery or load.

The charge current is established using a single
resistor from PROG to Vgg. The program resistor and
the charge current are calculated using the following
equations:

EQUATION 5-1:
Ly = 1104 xR™*%
Where:
Rprog = kilo-ohms (k)
lreg = milliampere (mA)
EQUATION 5-2:
(log(Ipc)/(-0.93))log
Rprog = 10" I%
Where:
RPROG = kilo-ohms (kQ)
IrReg = milliampere (mA)

Table 5-1 provides commonly seen E96 (1%) and E24
(5%) resistors for various charge current to reduce
design time.

TABLE 5-1: RESISTOR LOOK-UP TABLE
Charge Recommended | Recommended
Current (mA) | E96 Resistor (Q2) | E24 Resistor (Q2)
130 10k 10k
150 8.45k 8.20k
200 6.20k 6.20k
250 4.99k 5.10k
300 4.02k 3.90k
350 3.40k 3.30k
400 3.00k 3.00k
450 2.61k 2.70k
500 2.32k 2.37k
550 2.10k 2.20k
600 1.91k 2.00k
650 1.78k 1.80k
700 1.62k 1.60k
750 1.50k 1.50k
800 1.40k 1.50k
850 1.33k 1.30k
900 1.24k 1.20k
950 1.18k 1.20k
1000 1.10k 1.10k
1100 1.00k 1.00k

Constant-Current mode is maintained until the voltage
at the Vgar pin reaches the regulation voltage, Vgeg
When Constant-Current mode is invoked, the internal
timer is reset.

5.5.1 TIMER EXPIRED DURING
CONSTANT CURRENT — FAST
CHARGE MODE

If the internal timer expires before the recharge voltage
threshold is reached, a timer fault is indicated and the
charge cycle terminates. The MCP73113/4 device
remains in this condition until the battery is removed. If
the battery is removed or input power is cycled, the
MCP73113/4 device enters the Standby mode where it
remains until a battery is reinserted.

5.6 Constant-Voltage Mode

When the voltage at the Vpgar pin reaches the
regulation voltage, Vgrgg constant voltage regulation
begins. The regulation voltage is factory set to 4.10V,
4.20V, 4.35V or 4.40V with a tolerance of +0.5%.

5.7 Charge Termination

The charge cycle is terminated when, during Constant-
Voltage mode, the average charge current diminishes
below a threshold established with the value of 5%,
7.5%, 10% or 20% of fast charge current or internal
timer has expired. A 1 ms filter time on the termination
comparator ensures that transient load conditions do
not result in premature charge cycle termination. The
timer period is factory set and can be disabled. Refer to
Section 1.0, "Electrical Characteristics" for timer
period options.

5.8 Automatic Recharge

The MCP73113/4 device continuously monitors the
voltage at the Vgar pin in the Charge Complete mode.
If the voltage drops below the recharge threshold,
another charge cycle begins and current is once again
supplied to the battery or load. The recharge threshold
is factory set. Refer to Section 1.0, "Electrical
Characteristics" for recharge threshold options.

Note: The MCP73113/4 also offer options with
no automatic recharge.

For the MCP73113/4 devices with no recharge option,
the MCP73113/4 will go into Standby mode when a
termination condition is met. The charge will not restart
until at least one of the following conditions have been
met:

» Battery is removed from the system and inserted
again
* Vpp is removed and plugged in again

* RpRrog is disconnected (or high-impedance) and
reconnected

DS20002183E-page 18
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59 Thermal Regulation

The MCP73113/4 shall limit the charge current based
on the die temperature. The thermal regulation
optimizes the charge cycle time while maintaining
device reliability. Figure 5-1 depicts the thermal
regulation for the MCP73113/4 device. Refer to
Section 1.0 “Electrical Characteristics” for thermal
package resistances and Section 6.1.1.2 “Thermal
Considerations” for calculating power dissipation.
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FIGURE 5-1: Charge Current (Ioyt) vs.
Junction Temperature (T ).

510 Thermal Shutdown

The MCP73113/4 suspends the charge if the die
temperature exceeds +150°C. Charging will resume
when the die temperature has cooled by
approximately 10°C. The thermal shutdown is a
secondary safety feature in the event that there is a
failure within the thermal regulation circuitry.

5.11 Status Indicator

The charge status outputs are open-drain outputs with
two different states: Low (L), and High-Impedance
(high-Z). The charge status outputs can be used to
illuminate LEDs. Optionally, the charge status outputs
can be used as an interface to a host microcontroller.
Table 5-2 summarizes the state of the status outputs
during a charge cycle.

TABLE 5-2: STATUS OUTPUTS
CHARGE CYCLE STATE STAT
Shutdown high Z
Standby high Z
Preconditioning L
Constant Current Fast L
Charge
Constant Voltage L
Charge Complete - Standby high Z

Temperature Fault

1.6 second 50% D.C.

Flashing (Type2)
high Z (Type 1)

1.6 second 50% D.C.
Flashing (Type 2)
high Z (Type 1)

Timer Fault

1.6 second 50% D.C.
Flashing (Type 2)

Preconditioning Timer Fault

high Z (Type 1)

5.12 Battery Short Circuit Protection

When a single-cell Li-lon battery is detected, an inter-
nal battery short circuit protection (BSP) circuit starts
monitoring the battery voltage. When Vgpgis below the
typical 1.7V battery short circuit protection threshold
voltage, the charging behavior is postponed. A 25 mA
(typical) detection current is supplied for recovering
from the battery short circuit condition.

Preconditioning mode resumes when Vpgar raises
above the battery short circuit protection threshold. The
battery voltage must rise approximately 150 mV above
the battery short circuit protection voltage before the
MCP73113/4 device becomes operational.
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6.0 APPLICATIONS

The MCP73113/4 devices are designed to operate
with a host microcontroller or in stand-alone applica-
tions. The MCP73113/4 provides the preferred charge
algorithm for Lithium-lon and Lithium-Polymer cells
Constant-current followed by Constant-voltage.

Figure 6-1 depicts a typical stand-alone application
circuit, while Figure 6-2 depicts the accompanying
charge profile.

MCP73113/4 Typical Application
3
AC-DC Adapter Vop VBar I
Vbb Vear J ‘+
10 I 1-Cell
STAT PROG = Li-lon
Batter:
SINc Vss |2 RproG s y
6 8
NC Vgs Py
L
FIGURE 6-1: Typical Application Circuit.
50 p 6.1.1 COMPONENT SELECTION
45 0.9 Selection of the external components in Figure 6-1 is
— 4.0 0.8 _ crucial to the integrity and reliability of the charging
‘:’ 3.5 0.7 system. The following discussion is intended as a guide
g 30 069 for the component selection process.
S 25 \ 053
:a 20 \\ 0_4% 6.1.1.1 Charge Current
§ 1.5 N 0.3 3 The preferred fast charge current for Li-lon/Li-Poly cells
N n . . .
Sl Y N 0.2 is below the 1C rate, with an absolute maximum current
0.5 | 875 mAh Battery S 0.1 at the 2C rate. The recommended fast charge
0.0 ‘ ‘ 0 current should be obtained from the battery
0 15 30 i?me ?“:inuzess) 90 105 120 manufacturer. For example, a 500 mAh battery pack
with 0.7C preferred fast charge current has a charge
FIGURE 6-2: Typical Charge Profile current of 350 mA. Charging at this rate provides the
(875 mAh Battery). shortest charge cycle times without degradation to the

6.1 Application Circuit Design

Due to the low efficiency of linear charging, the most
important factors are thermal design and cost, which
are a direct function of the input voltage, output current
and thermal impedance between the battery charger
and the ambient cooling air. The worst-case situation is
when the device has transitioned from the
Preconditioning mode to the Constant-Current mode.
In this situation, the battery charger has to dissipate the
maximum power. A trade-off must be made between
the charge current, cost and thermal requirements of
the charger.

battery pack performance or life.

Note:  Please consult with your battery supplier
or refer to the battery data sheet for
preferred charge rate.
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6.1.1.2 Thermal Considerations

The worst-case power dissipation in the battery
charger occurs when the input voltage is at the
maximum and the device has transitioned from the
Preconditioning mode to the Constant-Current mode.
In this case, the power dissipation is:

PowerDissipation = (VDDMAX7 VPTHMIN) x I

REGMAX
Where:
Vppmax = the maximum input voltage
lrRegmax = the maximum fast charge current
Vptumin = the minimum transition threshold

voltage

Power dissipation with a 5V, #10% input voltage
source, 500 mA £10% and preconditioning threshold
voltage at 2.7V is:

EQUATION 6-1:

PowerDissipation = (5.5V—-2.7V) x550mA = 1.54W

This power dissipation with the battery charger in the
DFN-10 package will result approximately 63°C above
room temperature.

6.1.1.3 External Capacitors

The MCP73113/4 are stable with or without a battery
load. In order to maintain good AC stability in the
Constant-Voltage mode, a minimum capacitance of
1 puF is recommended to bypass the Vgat pin to Vgs.
This capacitance provides compensation when there is
no battery load. In addition, the battery and
interconnections appear inductive at high frequencies.
These elements are in the control feedback loop during
Constant-Voltage mode. Therefore, the bypass
capacitance may be necessary to compensate for the
inductive nature of the battery pack.

A minimum of 1 pF, is recommended for both the output
capacitor and the input capacitor for typical applica-
tions.

TABLE 6-1: MLCC CAPACITOR EXAMPLE
MLCC Temperature T
’ olerance
Capacitors Range
X7R -55°C to +125°C +15%
X5R -55°C to +85°C +15%

Virtually any good quality output filter capacitor can be
used, independent of the capacitor’'s minimum
Effective Series Resistance (ESR) value. The actual
value of the capacitor (and its associated ESR)
depends on the output load current. A 1 uF ceramic,
tantalum or aluminum electrolytic capacitor at the
output is usually sufficient to ensure stability.

6.1.1.4 Reverse-Blocking Protection

The MCP73113/4 provide protection from a faulted or
shorted input. Without the protection, a faulted or
shorted input would discharge the battery pack through
the body diode of the internal pass transistor.

DS20002183E-page 22
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6.2 PCB Layout Issues

For optimum voltage regulation, place the battery pack
as close as possible to the device’s Vgar and Vgg pins,
recommended to minimize voltage drops along the
high current-carrying PCB traces.

If the PCB layout is used as a heat sink, adding many
vias in the heat sink pad can help conduct more heat to
the backplane of the PCB, thus reducing the maximum
junction temperature. Figure 6-4 and Figure 6-5 depict
a typical layout with PCB heat sinking.

'

MicrocHIP

VoD

EE @
c2( I ) (o) S T
ci[m m) o7 [Em)r2sar

TP4 T2

VBAT+ 102-00260
MCP73113EV-1S0VP

FIGURE 6-3: Typical Layout (Top).

FIGURE 6-4: Typical Layout (Top Metal).

FIGURE 6-5: Typical Layout (Bottom).
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7.0 PACKAGING INFORMATION

71 Package Marking Information

10-Lead DFN (3x3) Example:
Standard *

HI

;3(;;(\/ Part Number Code ?229
MCP73113-06SI/MF 93HI

NNN MCP73113-16S/MF 83HI 256
MCP73114-0NSI/MF 9MHI

Legend: XX..X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)

ww Week code (week of January 1 is week ‘01°)

NNN  Alphanumeric traceability code

Pb-free JEDEC designator for Matte Tin (Sn)

* This package is Pb-free. The Pb-free JEDEC designator ()
can be found on the outer packaging for this package.

Note: Inthe event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.
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