MP2696B

12C-Controlled, Single-Cell Switching Charger

with Power-Path Management,

Boost Output, and 3.5A Input Current Limit

DESCRIPTION

The MP2696B is a highly integrated, flexible,
switch-mode,  battery-charging, power-path
management device designed for a single-cell
Li-ion and Li-polymer battery. This device can

be used in a wide range of portable applications.

The MP2696B integrates three battery-charging
phases: pre-charge, constant current charge,
and constant voltage charge. This device also
manages the input power source through input
current limit regulation and minimum input
voltage regulation.

The MP2696B can switch to boost mode to
generate the system power output from the
battery.

The MP2696B has an integrated IN to SYS
pass-through path to pass the input voltage to
the system.

Using an I°C interface, the host can flexibly
configure the charge and boost parameters.
The device operating status can also be read in
the registers.

Safety features include SYS short-circuit
protection (SCP), input over-voltage protection
(OVP), battery under-voltage protection (UVP),
thermal  shutdown, and JEITA battery
temperature monitoring.

The MP2696B is available in a QFN-21
(3mmx3mm) package.

FEATURES

4.0V to 11V Operating Voltage Range
e Upto 16V Sustainable Input Voltage

500mA to 3.6A Configurable Charge

Current
e 3.6V to 4.45V Configurable Charge

Regulation Voltage with +0.5% Accuracy
e 500mA to 3.5A Configurable Input Current

Limit with £10% Accuracy
e Minimum Input Voltage Loop for Maximum

Adapter Power Tracking
e Ultra-Low 25pA Battery Discharge Current

in Idle Mode
e Boost Converter with Up to 4.0A of Output

Current:

o Configurable Output Current Limit Loop

o Configurable Boost Output Voltage

o USB Output Cable Compensation

o Configurable Inductor Peak Current

Limiting
e Comprehensive Safety Features:

o Fully Customizable JEITA Profile with
Configurable Temperature Threshold
Charge Safety Timer
Input Over-Voltage Protection (OVP)
Thermal Shutdown
SYS Over-Current (OC) and Short-
Circuit Protection (SCP)
¢ Analog Voltage Output IB Pin for Battery

Current Monitoring
e SYS Plug-In Detection
e SYS No Load Detection
e SYS DP/DM Interface for BC1.2 and Non-

Standard Adapters
e Status and Fault Monitoring
e Available in a QFN-21 (3mmx3mm)

Package

APPLICATIONS

e Sub-Battery Applications
¢ Power Bank Applications for Smartphones,
Tablets, and Other Portable Devices

O O O O

All MPS parts are lead-free, halogen-free, and adhere to the RoHS
directive. For MPS green status, please visit the MPS website under
Quality Assurance. “MPS”, the MPS logo, and “Simple, Easy Solutions” are
registered trademarks of Monolithic Power Systems, Inc. or its subsidiaries.
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TYPICAL APPLICATION
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ORDERING INFORMATION

Part Number* Package Top Marking MSL Rating
MP2696BGQ-0000** QFN-21 (3mmx3mm) See Below L
EVKT-MP2696B Evaluation kit -

* For Tape & Reel, add suffix -Z (e.g. MP2696BGQ-Xxxx-Z).

xxxx” is the register setting option. The factory default is “0000.” This content can be viewed
in the 12C register map. Contact an MPS FAE to obtain an “xxxx” value.

TOP MARKING

kit

BPFY
LLLL

BPF: Product code of MP2696BGQ
Y: Year code
LLLL: Lot number

EVALUATION KIT EVKT-MP2696B
EVKT-MP2696B kit contents (items below can be ordered separately):

# Part Number Item Quantity
1 EV2696B-Q-00A MP2696B evaluation board 1
> —
> EVKT-USBI2C-02-BAG Includes one U_SB to 1“C communication interface, one USB 1
cable, and one ribbon cable
3 Online resources Include datasheet, user guide, product brief, and GUI 1

Order directly from MonolithicPower.com or our distributors.

Input Power
Supply

USB Cable USB to I°C Ribbon Cable

Ko % Communication EV2696B-Q-00A

Interface

Figure 1: EVKT-MP2696B Evaluation Kit Set-Up
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PACKAGE REFERENCE

TOP VIEW
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PIN FUNCTIONS

MP2696B — SW CHARGER WITH 1°C CONTROL, BOOST OUTPUT

Pin # Name 1/0 Description

1 PGND Power Power ground.

2 SW Power Switching output node. Connect SW to the inductor.

3 PMID Power Drain of the high-side switching MOSFET. Bypass PMID with ceramic

capacitors from PMID to PGND, placed as close to the IC as possible.

4 SMID Power ggrénected to the drain of Q1 and Q2. Short SMID to PMID on the
56 SYS Power System power output. Place ceramic capacitors from SYS to PGND.
7,8 IN Power Power input of the IC. Place ceramic capacitors from IN to PGND.

9 CSP I Battery current-sense positive input.

10 BATT I Battery positive terminal.

11 AGND Power Analog ground. Short to PGND on the PCB.

12 DP 1/0 Positive port of the USB data for the output. High ESD rating.

13 DM 1/0 Negative port of the USB data for the output. High ESD rating.

Open-drain interrupt output. Connect INT to the logic rail through a

14 INT 0] ;

10kQ resistor.
I2C interface clock. Connect SCL to the logic rail through a 10kQ

15 SCL I .

resistor.
16 SDA 1/0 I2C interface data. Connect SDA to the logic rail through a 10kQ resistor.
Battery current indicator. The voltage at IB indicates the battery’s
17 B 0] charge current in charge mode, and the battery’s discharge current in
boost mode.
Temperature-sense input. Connect NTC to a negative temperature
18 NTC | coefficient thermistor. Configure the temperature window with a resistor
divider from VRNTC to NTC to GND. Configurable JEITA thresholds are
supported.
Internal circuit and switch driver power supply. Bypass VCC to
19 VCC Power AGND with a ceramic capacitor, placed as close to the IC as possible.
For the external load capacity, see the VCC Power Supply section on
page 15.

20 VRNTC Power Reference voltage output for powering up NTC.

21 BST Power Bootstrap. Connect a 470nF bootstrap capacitor between BST and SW

to form a floating supply across the high-side power switch driver.

MP2696B Rev. 1.0
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MP2696B — SW CHARGER WITH 1°C CONTROL, BOOST OUTPUT

ABSOLUTE MAXIMUM RATINGS ®
IN, PMID, SMID, SYS to PGND....-0.3V to +16V

SWto PGND................... -0.3V (-2V for 20ns) to
+14V (16V for 20ns)

BST to PGND...........................SW to SW + 5V
All other pins to AGND................. -0.3V to +5.0V
Continuous power dissipation (Ta = 25°C) @......
................................................................... 2.5W
Junction temperature  ........ccocciieieennnne 150°C
Lead temperature (solder) ........cccoeeeeveeeens 260°C
Storage temperature.... .......... -65°C to +150°C
ESD Ratings

DP, DM pins:

Human body model (HBM) ...................... 8000V
Charged device model (CDM) .................. 800V
All other pins:

Human body model (HBM) ............ccce..... 2000V
Charged device model (CDM) ................... 250V
Recommended Operating Conditions @
Supply voltage (Vin) «ooeeevveivvieeeeeeeennnne 4V to 11V
Input current (In) «..oocvvveeeeeeeeeeiiiieee, Up to 3.5A
System current (Isys)....cceveeeeeriieeeneennns Up to 4.0A
Charge current (Icc) «.ooovvvvevvviiiinnnnnnn. Up to 3.6A
Battery voltage (VBATT) «vvvveeeerriiivvnnnnn. Up to 4.5V

Operating junction temp (Ty).... -40°C to +125°C

Thermal Resistance @  0;a  8ic
QFN-21 (3mmx3mm)............ 50........ 12....°C/W

Notes:

1) Exceeding these ratings may damage the device.

2) The maximum allowable power dissipation is a function of the
maximum junction temperature T; (MAX), the junction-to-
ambient thermal resistance 6,4, and the ambient temperature
Ta. The maximum allowable continuous power dissipation at
any ambient temperature is calculated by Pp (MAX) = (T;
(MAX) - Ta) / 8;4. Exceeding the maximum allowable power
dissipation can cause excessive die temperature, and the
regulator may go into thermal shutdown. Internal thermal
shutdown circuitry protects the device from permanent
damage.

3) The device is not guaranteed to function outside of its
operating conditions.

4) Measured on JESD51-7, 4-layer PCB.

MP2696B Rev. 1.0
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ELECTRICAL CHARACTERISTICS

Vin = 5.0V, Vearr = 3.5V, RS1 =10mQ, Ta = 25°C, unless otherwise noted.

Parameters ‘ Symbol ‘Condition ‘ Min ‘ Typ ‘ Max ‘ Units
Quiescent Current

%?ettﬂzgeISCharge currentin leatt_ipLe | ldle mode 25 36 MA
Input quiescent current | ViN > ViN_uvio, VIN > VBATT + VHDRM, 0.6 1 mA
without switching ™2 I charge disabled, float SYS '
Input quiescent current Vin > Vin_uvio, Vin > Veatt + Viorw,
when switchin IIn_gsw | charge enabled, 1 mA
9 float BATT and SYS

Battery discharge current in | Isys = 0, VBOOST, bits[2:0] = 5.15V, 5 mA
boost mode BOOSTQ | hoost enabled, Vearr = 4.2V
Power On/Off
IN operating range Vin_op | Converter switching 4 11
Input under-voltage lockout | Vinuv | VN falling 295 | 3.10 | 3.25
Input un(_jer-voltage lockout Vin rising 305 mvy
hysteresis

VN rising 200 | 310 mV
Input vs. battery headroom VHDRM -

Vi falling 10 80 mV
Battery under-voltage During boost 2.4 2.5 2.6 \%
lockout VBATT_uv

Before boost starts 2.8 2.9 3.0 \%
VCC LDO output voltage Vvce  |ViIN=5V, lvec = 30mA 3.3 355 | 3.8 \Y,
VCC under-voltage lockout | Vcc_uv |VCCrising 1.9 2.1 2.3 \%
VCC uno_ler-voltage lockout 80 my
hysteresis
Power Path
IN to PMID MOSFET (Q1)
on resistance Ron_o1 25 e
PMID to SYS MOSFET
(Q2) on resistance Ron_o2 15 e
High-side MOSFET (Q3) on
resistance Ron_ps 15 e
Lov_v-5|de MOSFET (Q4) on Ron Ls 14 ma
resistance -
Peak current limit for high- Constant current charge mode 6.5 A
side MOSFET in buck lns_pPk
mode Pre-charge mode 1.3 A
Peak current limit for low- BST_IPK, bits[1:0] = 6.5A 5.9 6.6 | 7.3 A
side MOSFET in boost ILs_Pk
mode BST_IPK, bits[1:0] = 5A 4.2 49 | 56 A

o SW_FREQ = 700kHz 720 kHz

Switching frequency fsw

SW_FREQ = 1200kHz 1200 kHz
MP2696B Rev. 1.0 MonolithicPower.com 7
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ELECTRICAL CHARACTERISTICS (continued)
Vin = 5.0V, Vearr = 3.5V, RS1 =10mQ, Ta = 25°C, unless otherwise noted.

Parameters ‘ Symbol ‘Condition ‘ Min ‘ Typ ‘ Max ‘ Units
Charge Mode
BATT_REG range ® 3.6 4.45 \Y,
BATT_REG, bits[2:0] = 3.6V 3.582 3.6 |3.618 \Y,
BATT_REG, bits[2:0] = 4.1V 4.080 41 |4.120 \Y,
_ BATT_REG, bits[2:0] = 4.2V 4.179 42 |4.221 \Y,
Charge voltage regulation | Veart_rec -
BATT_REG, bits[2:0] = 4.3V 4.279 43 |4.321 \Y,
BATT_REG, bits[2:0] = 4.35V 4328 | 4.35 |4.372 Vv
BATT_REG, bits[2:0] = 4.4V 4.378 | 4.40 |4.422 Vv
BATT_REG, bits[2:0] = 4.45V 4428 | 4.45 |4.472 Vv
ICC, bits[4:0] = 3A 2.7 3 3.4 A
Fast charge current lcc ICC, bits[4:0] = 1.5A 1.35 15 1.7 A
ICC, bits[4:0] = 0.5A 0.41 0.5 0.62 A
o ITERM, bits[1:0] = 100mA 40 100 | 160 | mA
Charge termination current ITerm X
ITERM, bits[1:0] = 200mA 100 200 300 mA
Recharge threshold below |\, |\garr falling 100 | 200 | 320 | mv
VBATT_REG
;r;:r?sgge to fast charge VBATT PRE | VBATT fiSing 2.9 3.0 3.1 \%
Pre-charge to fast charge .
hysteresis Vearr falling 290 mV
IPRE, bits[1:0] = 150mA, VearT = 1.8V 150 mA
Pre-charge current IPRE ,
IPRE, bits[1:0] = 350mA, VearT = 1.8V 350 mA
Safety timer for charging 20 hours
cycle
Input Regulation
Input minimum voltage v VINMIN, bits[2:0] = 4.5V 4.41 451 | 4.61 \Vi
regulation "N TVINMING bits[2:0] = 4.65V 456 | 466 |476| V
[INLIM, bits[2:0] = 3A 2.62 2.75 2.9 A
Input current limit In_um | HINLIM, bits[2:0] = 1.5A 1.3 1.38 15 A
[INLIM, bits[2:0] = 0.5A 0.4 0.45 0.5 A
Boost Mode
VBO_OST, bits[2:0] = 5.15V, 505 513 | 521 v
Boost output voltage at Y Isys = 10mA
PMID PYP-BST [\/BOOST, bits[2:0] = 5.225V
_ ’ ' ) ’ 5.13 5.21 5.29 V
Isys = 10mA
IOLIM, bits[3:0] = 3A 3.0 3.16 | 3.37 A
Boost output current limit IesT_LmT [ IOLIM, bits[3:0] = 2A 2 2.25 2.5 A
IOLIM, bits[3:0] = 1A 1.05 | 1.25 |1.45 A
MP2696B Rev. 1.0 MonolithicPower.com 8
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ELECTRICAL CHARACTERISTICS (continued)
Vin = 5.0V, Vearr = 3.5V, RS1 =10mQ, Ta = 25°C, unless otherwise noted.

Parameters ‘ Symbol ‘Condition ‘ Min ‘ Typ ‘ Max ‘ Units
Analog Control

NOLOAD_THR, bits[1:0] = 30mA 30 mA
SYS no load current NOLOAD_THR, bits[1:0] = 50mA 50 mA
threshold lest_oF .

NOLOAD_THR, bits[1:0] = 75mA 75 mA

NOLOAD_THR, bits[1:0] = 100mA 100 mA
SYS plug-in detection .
thresﬁolg Vree_in | SYS falling, percentage of Vearr 70 75 80 %
Discharge dummy load at IN | Rin_pum 250 Q
g:zharge dummy load at Rsvs, buu 30 0
Protection
Battery over-voltage o
threshold VBATT_ovp 102 104 106 %
BATT ov_er—voltage 15 %
hysteresis

) VN rising, VIN_OVP = 6V 5.8 6 6.2 Y,

IN over-voltage protection ViN_ov —

Vin rising, VIN_OVP = 11V 10.6 11 11.4 Vv
IN over-\_/oltage protection Vin falling 300 mv
hysteresis
Thermal Shutdown and Temperature Control
Thermal shutdown rising - o
threshold © TasHon | Tarising 150 C
Thermal _sh(g)tdown 20 oC
hysteresis
MP2696B Rev. 1.0 MonolithicPower.com 9
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ELECTRICAL CHARACTERISTICS (continued)

Vin = 5.0V, Vearr = 3.5V, RS1 =10mQ, Ta = 25°C, unless otherwise noted.

Parameters Symbol |Condition Min Typ Max | Units
VRNTC voltage Vvrnte | VIN = 5V, Ivrnte = 100pA 3.5 \%

As a percentage of Vvrntc,
VCOLD, bits[1:0] = 72%

NTC low temp rising threshold VcoLp 72 73.1 | 743 %

NTC low temp rising threshold

0,
hysteresis As a percentage of Vvrntc 1.6 %

As a percentage of Vvrntc,

0,
VCOOL, bits[1:0] = 60% 59| 61 622 %

NTC cool temp rising threshold VcooL

NTC cool temp rising threshold

0,
hysteresis As a percentage of Vvrntc 1.6 %
NTC warm temp falling As a percentage of Vvrntc, 0
threshold VWwARM | \\WARM, bits[1:0] = 40% 394 | 406 | 42 | %

NTC warm temp falling

0,
threshold hysteresis As a percentage of Vvrntc 1.6 %

As a percentage of Vvrntc,

0,
VHOT, bits[1:0] = 36% 353 | 366 379 %

NTC hot temp falling threshold VHot

NTC hot temp falling threshold

0,
hysteresis As percentage of VvrnTc 1.6 %
SYS DP/DM Signaling
DP/DM source voltage 2V7 Vsrc_av7 2.6 2.7 2.8 \%
DP/DM source resistance Rsrc 23 30 37 kQ
DP/DM comparator threshold ViH v 275 29 31 Vv
2.9V
DP/DM comparator threshold Vi v 195 21 295 Vv
2.1v
Deglitch time for exiting non- 8 10 12 ms
standard adapter
DP/DM short resistance RsHorT 150 Q
Pull-down resistor on DP pin ReuLL_pwn 300 kQ
Timer for DCP to enter non- 2 s
standard adapter
I2C Interface
Input high threshold level SDA and SCL 1.3 \Y
Input low threshold level SDA and SCL 0.4 Y
Output low threshold level Isink = 5mMA 0.3 V
I2C clock frequency fscL 400 | kHz
Battery Current Indicator

lcc = 1A in charge mode 0.28 0.34 0.4 \Y,
IB voltage output -

Ipsche = 1A in boost mode 0.135| 0.155 |0.175 \%
Note:
5) Guaranteed by design.
MP2696B Rev. 1.0 MonolithicPower.com 10
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TYPICAL CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
L1 =1yHM0MQ, Csarr = 22uF, RS1 =10mQ, Ta = 25°C, battery simulator load, unless otherwise

noted.
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
L1 =1uHM0MQ, Csarr = 22uF, RS1 =10mQ, Ta = 25°C, battery simulator load, unless otherwise

noted.
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FUNCTIONAL BLOCK DIAGRAM
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MP2696B Rev. 1.0
4/16/2021

MonolithicPower.com

© 2021 MPS. All Rights Reserved.

MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

14



meSs

MP2696B — SW CHARGER WITH 1°C CONTROL, BOOST OUTPUT

OPERATION

Introduction

The MP2696B is an I2C-controlled switching
charger with bidirectional operation that can

step up the battery voltage to power the system.

Depending on the input and output status, the
device operates in one of three modes: charge
mode, boost mode, or idle mode. In charge
mode, the IC supports a precision Li-ion or Li-
polymer charging system for single-cell
applications. In boost mode, the IC boosts the
battery voltage to a regulated voltage at SYS to
power the load. In idle mode, the IC stops
charging or boosting, and operates at a low
current from the input or the battery. This
reduces power consumption when the IC is not
operating.

VCC Power Supply

VCC provides power for the internal bias circuit,
as well as the low-side switch driver. VCC is
powered from the higher voltage between the
PMID and BATT pins. When the VCC voltage
rises above the under-voltage lockout threshold
(Vvec_wv), the 12C interface is ready for
communication, and all the registers are reset
to their default values. When the device is
switching, VCC can provide up to 30mA for the
external load.

CHARGER MODE OPERATION

Battery Charging Profile

The IC can run a charging cycle autonomously
without host involvement. The host can also

control the charge operations and parameters
via the registers.

A new charge cycle can start when the
following conditions are valid:

V\n is above Vin_uv

VN is below V|N_ov

Vinis above Veatt + Vipru

The NTC voltage is in the proper range (if
the NTC_STOP bit is setto 1)

e There is no charge timer fault

e Chargingis enabled (CHG_EN =1)

e There is no battery over-voltage condition

After charging is done, unplug and re-insert VIN
or toggle the CHG_EN bit to start a new charge
cycle.

Charge Cycle

The IC checks the battery voltage to provide
three main charging phases: pre-charge,
constant current (CC) charge, and constant
voltage (CV) charge.

The IC regulates the voltage drop on the
current-sense resistor (RS1) for the battery pre-
charge and constant current charge current.
Table 1 shows the default value for a 10mQ
resistor.

Table 1: Charge Current vs. Battery Voltage

(RS1=10mQ)
Battery Charge | Default
Voltage Current Value CHG_STAT
BATT < 3V IPRE, 150mA 01
bits[1:0]
ICC,
BATT > 3V bits[4:0] 1A 10

The charge current can be scaled by
implementing different current-sense resistor
values. The charge current for constant current
charge and pre-charge can be calculated with
Equation (1) and Equation (2), respectively:

_ICC[4: 0]x10mQ

lec RSl (1)
IPRE[L: 0]x10mQ )
lore = RS1 @

Note that the soldering tin for the current-sense
resistor has resistance, which must be
compensated.

During the entire charging process, the actual
charge current may be less than the register
setting due to other loop regulations, such as
the input current limit or the input voltage limit.

Charge Termination
Charging terminates if all of the following
conditions are met:

e The charge current is below the termination
threshold for 20ms.

e The IC works in a constant voltage charge
loop.

The IC is not in the input current loop or
input voltage loop.

MP2696B Rev. 1.0
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After  termination, the status register
CHG_STAT is set to 11, and an INT pulse is
generated (see Figure 3).

Battery Voltage

VBATT_REG [ === === === = eeeecceena e

Charge
v Current
VBATT PRE |- — oo -

i

ity i NG [ lprE

———=——= lterm
|

" ] —
Pre-Charge |CC Fast Charge | Constant Voltage Charge | Safety Timer

Figure 3: Battery Charge Profile

Automatic Recharge

When the battery is fully charged and charging
is terminated, the battery may be discharged
because of the system consumption or self-
discharge. When the battery voltage is
discharged below the recharge threshold
(Veatr Rec - 200mV), the IC starts a new
charging cycle automatically if the input power
is valid. The timer restarts when the auto-
recharge cycle begins.

Safety Timer

The IC provides a safety timer to prevent
extended charging cycles due to abnormal
battery conditions. The safety timer feature can
be disabled via the I°C. The safety timer does
not operate in boost mode.

The safety timer restarts at the beginning of a
new charging cycle. The following actions
restart the safety timer:

e A new charge cycle starts
e The EN_TIMER bit is toggled

An INT pulse is generated if the safety timer
expires before charging is done. Then the
charge cycle stops, and CHG_FAULT is set to
11, which indicates that the safety timer has
expired. Unplug and re-insert VIN can clear this
fault after safety timer expires.

Input Voltage Based and Input Current
Based Power Management

The IC features both input current and input
voltage based power management by
monitoring the input current and input voltage
continuously.

When the input current reaches the limit set by
IINLIM, bits[2:0], the charge current tapers off to
keep the input current from increasing further.

If the preset input current limit exceeds the
adapter rating, the backup input voltage based
power management also works to prevent the
input source from being overloaded. When the
input voltage falls below the input voltage
regulation threshold set by VINMIN, bits[2:0]
due to the heavy load, the charge current is
also reduced to keep the input voltage from
dropping further.

An INT pulse is generated once the device
enters a VINPPM or INPPM condition.

Thermistor Qualification

VRNTC is driven to be equal to the VCC
voltage when the IC is in charge/boost mode.
The IC monitors the battery’s temperature
continuously by measuring the voltage at the
NTC pin. The NTC function can be disabled by
setting EN_NTC = 0.

When NTC_STOP is set to 1, the NTC voltage
should be within the Vuor to Vcop range for
both charge and boost operation. The IC
resumes switching when the NTC voltage
returns to the Vuor to Veorp range.

When NTC_STOP is set to 0, the IC only
generates an interrupt signal and reports the
NTC pin status if the status changes on
NTC_FAULT, bits[2:0].

The JEITA profile is supported when the
JEITA _DIS bitis setto 0.

In the cool temperature range (Vcorp t0 Vcool),
the charge current is reduced according to the
JEITA_ISET setting (see Figure 4).

A Charge Current %
100%

JEITA_ISET=1

50% \
/ JEITA_ISET =0
I
14.3% F——=

Cold Cool Warm Hot Temperature

Figure 4: JEITA Profile (Charge Current)

In the warm temperature range (Vwarm t0 Vo),
the charge voltage is reduced according to the
JEITA_VSET setting (see Figure 5).

MP2696B Rev. 1.0
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A

Vearr

A Charge Voltage

Vearr - 100mV
JEITA_VSET =0 }

JEITA_VSET =1 /

Vearr - 200mV

Cold Cool Warm Hot

Figure 5: JEITA Profile (Charge Voltage)

The hot and cold thresholds have two options in
the register. The warm and cool thresholds
have four options in the register, which offers
accurate and flexible JEITA control.

Interrupt to Host (INT)

A 50pus interrupt pulse is generated on the
open-drain INT pin when any of the events
below occur:

A good input source is detected
A USB2 plug-in is detected
Status register 05h changes
Fault register 06h changes

Battery Over-Voltage Protection (OVP)

When the battery voltage exceeds 104% of
Vearr re, the IC  suspends  charging
immediately, and the BATT_OVP bit is set to 1.
An 800pA current source discharges the battery
until the battery voltage returns to the normal
range.

Battery over-voltage protection (OVP) can be
disabled by setting the BATT_OVP_DIS bit to 1.

Input Over-Voltage Protection (OVP)

Once IN senses a voltage greater than the Vin
over-voltage protection (OVP) threshold, the
DC/DC converter stops immediately.

The input OVP threshold can be set to 6V or
11V by the VIN_OVP bit.

BOOST MODE OPERATION

The IC can supply a regulated 5V output at
SYS to power the system. To ensure that the
battery is not drained, boost mode does not
start if BATT is below 2.9V. To enable boost
mode, the IN voltage must be below 2.0V.

The boost output current limit can be configured
to be between 1.0A and 4.0A. Boost mode has
an output current limit loop when Vsys > Vearr.

Once boost mode is enabled, the IC boosts
PMID to the preset voltage first, and then the
block MOSFET (Q2) turns on linearly. When
Vsys is charged above 4.2V within 3ms, Q2
turns on fully. Otherwise, Q2 turns off and tries
to turn on again after 300ms.

Boost Power Limitation

During boost operation, the inductor peak
current in each switching cycle is limited by the
peak current limit of the low-side switch (Q.),
set by BST_IPK, bits[1:0]. This helps limit the
maximum battery discharge current.

Battery Under-Voltage Lockout (UVLO)
Protection

If the battery voltage drops below 2.5V in boost
mode, boost mode stops, and the BATT_UVLO
bit is set to 1. Boost mode recovers when the
battery voltage rises above 2.9V, but the
BATT_UVLO bit is not reset until the input
source plug-in and battery is charged again.

SYS Over-Current (OC) and Short-Circuit
Protection (SCP)

In boost mode, the MP2696B always monitors
the current flowing through Q2. When the SYS
output current exceeds the preset boost output
current limit, the output current loop takes
control, and both the PMID and SYS voltages
decrease. When Vsys drops to Vearr + 200mV,
Q2 turns off. After 300ms, Q2 tries to restart.

The IC also features fast SYS over-current
protection (OCP) in both boost mode and pass-
through mode. If the Q2 current exceeds 8A,
Q2 turns off immediately. After 300ms, Q2 tries
to restart.

Impedance Compensation for Boost Output

The IC allows the user to compensate the
intrinsic resistance of Q2 and the USB2 output
wire voltage drop by adjusting the boost output
voltage according to the system load current,
calculated with Equation (3):

Vemip = Veoost + (Isys X Rsys_cwp) (3)

Where Vpwmpp is the voltage at PMID, and Veoost
is the boost regulation voltage set by VBOOST,
bits[2:0]. Isvs is the real-time SYS load current
during normal operation, and Rsys cwe is the
cable resistance compensation set by
RSYS_CMP, bits[2:0]

MP2696B Rev. 1.0
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USB2 Plug-In Detection

If the USB2 EN_PLUG bit is enabled in
standby mode, the SYS voltage (Vsys) is pulled
up to the BATT voltage (Vearr). After Vsys
reaches 90% of Vgart, detection starts. Once
Vsys drops to 75% of Vgarr, the USB2 plug-in is
detected, the USB2_PLUG_IN bit is set to 1,
and an INT pulse is generated.

The host can respond to the interrupt signal and
enable boost mode Q2.

The host must clear the USB2_PLUG_IN bit,
and toggle the USB2_EN_PLUG bit for the next
detection. Note that writing 1 to the
USB2_PLUG_IN bit clears it to 0.

No-Load Detection

During boost or pass-through operation, the Q2
current is monitored. If the Q2 current is below
the value set by NOLOAD_THR, bits[1:0], the
NO_LOAD bit is set to 1, and an INT pulse is
generated. The host can monitor the NO_LOAD
bit to decide whether boost mode or Q2 must
be turned off.

Thermal Shutdown

The IC continuously monitors the internal
junction temperature to maximize power
delivery and avoid overheating the chip. If the
junction temperature reaches 150°C, the
converter shuts down. If the junction
temperature drops to 120°C, normal operation
resumes.

Battery Current Analog Output

The device has an IB pin to obtain the real-time
battery current value in both charge and boost
mode. The voltage at IB is a fraction of the
battery current. The IB pin indicates the current
flowing in and out of the battery during charge
and boost mode.

With a 10mQ current-sense resistor. calculate
the voltage at IB for charge mode and boost
mode with Equation (4) and Equation (5),
respectively:

ViB = lcHe X 035(V) (4)
ViB = IpscHe X 016(V) (5)

Note that scaling the current-sense resistor also
scales the gain of IB.

Idle Mode

When the input power source is not present and
boost mode is disabled, the IC goes into idle
mode. In idle mode, all the MOSFETs and most
of the internal circuits are turned off to minimize
leakage and extend the battery run time.

SYS DP/DM Signaling

Initially, the DP and DM pins are biased at 2.7V
with an internal resistance of 30kQ for non-
standard adapter imitation.

If the DP or DM pin is out of the 2.1V to 2.9V
range for 10ms in DCP mode, the 2.7V
reference is disconnected, and DP and DM are
tied together with a 100Q resistor.

If DP stays below 0.35V for 2 seconds in DCP
mode, the IC returns to non-standard adapter
mode with DP/DM biased at 2.7V.

Series Interface

The IC uses an I?)C-compatible interface for
flexible charging parameter setting and
instantaneous device status reporting. 1°C is a
2-wire serial interface with two bus lines
required: a serial data line (SDA) and a serial
clock line (SCL). Both SDA and SCL lines are
open drain and must be connected to the
positive supply voltage via a pull-up resistor.

The IC operates as a slave device, receiving
control inputs from the master device such as a
microcontroller. The SCL line is always driven
by the master device. The I?C interface
supports both standard mode (up to 100kb/s),
and fast mode (up to 400kb/s).

All transactions begin with a start (S) condition
and are terminated by a stop (P) condition. The
start and stop conditions are always generated
by the master. A high to low transition on the
SDA line while SCL is high defines a start
condition. A low to high transition on the SDA
line when the SCL is high defines a stop
condition (see Figure 6).

Start (S) Stop (P

Figure 6: Start and Stop Conditions
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For data validity, the data on the SDA line must
be stable during the high period of the clock.
The high or low state of the SDA line can only
change when the clock signal on the SCL line is
low. Every byte on the SDA line must be 8 bits
long. The number of bytes to be transmitted per
transfer is unrestricted. Data is first transferred
with the most significant bit (MSB) (see Figure

Change

Data line of data

SCL stable allowed
Data valid

Figure 7: Bit Transfer on the I°C Bus

Each byte has to be followed by an
acknowledge (ACK) bit, which is generated by
the receiver, to signal to the transmitter that the
byte was successfully received.

The ACK signal is defined as follows: the
transmitter releases the SDA line during the

Acknowledgement
signal from slave

acknowledge clock pulse so the receiver can
pull the SDA line low. The SDA line remains low
during the high period of the ninth clock.

If SDA line is high during the ninth clock, this is
defined as the not acknowledge (NACK) signal.
The master can then generate either a stop
condition to abort the transfer or a repeated
start (Sr) condition to start a new transfer.

After the start signal is received, a slave
address is sent. This address is 7 bits long,
followed by the eighth bit as a data direction bit
(bit R/W). A zero indicates a transmission
(write), and a one indicates a request for data

(read). Figure 8 shows the address bit
arrangement.
MSB LSB
I I I I I I
RIW
1 1 1 1 1 1

L——— Slave Address —————

Figure 8: 7-Bit Address

See Figure 9 through Figure 13 for detailed
signal sequences.

Acknowledgement
signal from receiver

[ . e | v i
Y e G an SR LA b G G G 65 G G
§Startor§\_/1\_/2\ ........ ! 8 o _/_1\_/_2\_/ 8 o E
! Repeated ! ACK ACK i Stopor i
E Start E ' Repeated
. L. St
Figure 9: Data Transfer on the I°C Bus
|11 7 1] 2 | 8 | 1| : | 1 |2
S Slave Address 0| ACK Reg Address ACK Data Address ACK | P
Figure 10: Single Write
| 2] 7 2] 2 | 8 | 1 |1 7 2] 2 | 8 | 2 1]
S| Slave Address | 0 | ACK Reg Address ACK | S| Slave Address | 1| ACK Data NACK | P
Figure 11: Single Read
MP2696B Rev. 1.0 MonolithicPower.com 19
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Cs N ’ I ’ R
Data at Address - Data at Addr + 1 - ..... Data at Addr +n -

Figure 13: Multi-Read
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IC Address: 6Bh

Rﬁlg';teer Address R/W Description

REGOOh 0x00 R/W Input voltage regulation setting and input current limit setting.
REGO1h 0x01 R/W Charge current setting and pre-charge current setting.
REGO02h 0x02 R/W Battery regulation voltage and termination current setting.
REGO3h 0x03 RIW Egr%i[e%iglijct)riurrent limit setting and cable impedance
REGO04h 0x04 R/W Boost output voltage setting and boost control.

REGO05h 0x05 R Status register.

REGO06h 0x06 R Fault register.

REGO7h 0x07 R/W Boost no-load setting and miscellaneous control.

REGO08h 0x08 R/W JEITA control.

MP2696B Rev. 1.0
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REGO0Oh

: Reset by _—

Bit Name POR REG_RST R/W Description Comment
This bit resets all registers to

0: Keep current settings their default values. After a

7 REG_RST 0 Y RIW 1: Reset reset, this bit returns to O
automatically.

. This bit enables the charge

6 | EN_TIMER | 1 Y rw | O Disabled safety timer control. This bit

1: Enabled ;
is set to 1 by default.

5 VINMIN[2] 1 Y R/W 200mV These bits regulate the
dynamic input voltage. They
have a 4.45V offset, range

4 VINMIN[1] 0 Y RIW 100mv between 4.45V and 4.8V,
and are set to 200mV

3 VINMIN[O] 0 \4 RIW 50mvV (4.65V) by default.

2 IINLIM[2] 0 Y Riw | 000: 500mA

001: 1000mA
010: 1500mA . .
011: 1800mA These bits set the input
1 [INLIM[1] 0 Y RIW 100: 2100mA current limit. They are set to
110: 3000mA
0 IINLIM[O] 0 Y RIW | 111 3500mA
REGO01h

: Reset by I

Bit Name POR REG_RST R/W Description Comment

7 ICC[4] 0 Y RIW 1600mA
These bits set the charge

6 ICC[3] 0 v R/W 800MA current for a 10mQ sensing
resistor. They have a 500mA
offset, range between

5 ICCL2] 1 Y RIW 400mA 500mA and 3.6A, and are set
to 1A by default. A scaling

4 ICC[1] 0 Y RIW 200mA sense resistor scales the sett
value at the same ratio.

3 ICCI0] 1 Y R/W 100mA

2 | ENNTC | 1 v R | O Disabled This bit is set to 1 by default.

1: Enabled
1 IPRE[1] 0 % RIW These bit_s set the pre-char_ge
01: 150mA current with a 10mQ sensing
10: 250mA resistor. These bits range
11: 350mA between 150mA and 350mA,
0 IPRE[0] 1 Y RIW with a 150mA default.

MP2696B Rev. 1.0
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REGO02h
: Reset by _
Bit Name POR REG_RST R/W Description Comment
0: Enable battery over-voltage . .
7 BATE—QVP— 0 Y R/W protection (OVP) gg;zult)'t s set to 0 by
1: Disable battery OVP ’
6 | BATT_REG[2] | O Y R/w | 000:3.6V
001: 4.1V
010: 4.2V These bits set the regulated
5 BATT_REGI1] 1 Y R/W 011: 4.3V charge voltage. They are
100: 4.35V set to 010 by default.
101: 4.4V
4 BATT_REG[0] 0 Y R/W 110: 4.45V
0: JEITA enabled, NTC warm /
cool decrease Icc or VBaTT_REG This bit is set to 1 hy
3 JEITA_DIS ! Y RIW | 1. JEITA disabled, NTC warm / | default.
cool only reports status and INT
2 ITERMI[1] 0 v RIW 200mA Charge termination current
for a 10mQ sensing
resistor. These bits have a
100mA offset, range
between 100mA and
1 ITERM[O] 0 Y R/W 100mA 400mA, and are set to
100mA by default.
0: Disable charge This bit is set to 1 by
0 CHG_EN 1 Y RIW 1: Enable charge default.
REGO3h
Bit Name POR Reset by R/W Description Comment
REG_RST
7 IOLIM[3] 1 Y R/W 1600mA
These bits set the SYS
6 IOLIM[2] 0 Y R/W 800mA output current limit. They
have a 1A offset, range
5 IOLIM[1] 1 Y R/W 400mA betwen 1A and 4A, and are
set to 3A by default.
4 IOLIM[0] 0 Y R/W 200mA
3 RSYS_CMP[2] 0 Y R/W | 80mQ These bits set the SYS
cable voltage drop
2 RSYS_CMP[1] 1 Y R/W 40mQ compensation threshold.
They are set to 60mQ by
1 RSYS_CMPI[0] 1 \'% R/W | 20mQ default.
0: Q2 load normal
0 NO_LOAD 0 \4 R 1 Q2 no load

MP2696B Rev. 1.0
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REGO04h
: Reset by _—
Bit Name POR REG_RST R/W Description Comment
7 VBOOST[2] 0 Y R/W | -100mV These bits set the boost
regulation voltage at the PMID
6 VBOOSTI[1] 1 Y R/W -50mv pin. They have a 5.2V offset,
range between 5.05V and 5.225V,
5 VBOOST[0] 0 Y R/W 25mv and are set to 5.15V by default.
. This bit is set to 0 by default.
0: Disable boost mode
4 BST_EN 0 Y R/W 1: Enable boost mode Boost mode can be enabled only
when Vin < 2V.
0: Q2 is off C
3 Q2_EN 0 Y R/W 1: Q2 is on This bit is set to 0 by default.
0: Disable SYS discharge | This bit enables the SYS to GND
2 SYS_DSC 0 Y RIW 1: Enable SYS discharge | discharge resistance (25Q).
0: Disable USB2 plug-in Enables the USB2 plug-in
1 USB2_EN_ 1 Y R/W detection detection circuit. Toggle this bit for
PLUG 1: Enable USB2 plug-in reutt. Togg
- new detection.
detection
After Vsys is pulled up to 90% of
VeatT, detection starts. Once Vsys
. . . drops to 75% Vearr, the USB2
0 USB2_ 0 v RIW 2: 8223 Isluno-tirf)lrl:gsgfyggr]\ plug-in signal is asserted. Write 1
PLUG_IN ) piug to this bit to reset it to 0. This bit
- detected
should be cleared manually after
a read to enable the next
detection.
REGO5h
An interrupt is asserted if any bit in REG 05h changes.
Bit Name POR Reset by R/W Description Comment
REG_RST
7 CHIP_STAT[1] 0 Y R 00: Idle mode
01: Charge mode
10: Boost mode
6 CHIP_STAT[0] 0 Y R 11: Power path and
charge
5 CHG_STAT[1] 0 \4 R 00: Not charging
01: Pre-charge
10: Constant current or
4 CHG_STATI[0] 0 % R constant voltage charge
- 11: Charge done
0: No VINPPM
3 VPPM_STAT 0 Y R 1: VINPPM
0: No IINPPM
2 IPPM_STAT 0 Y R 1: INPPM
. . This bit is set to 1 when max
USB1_PLUG_ 0: USB1 is not plugged in
1 N 0 Y R 1: USB1 is plugged in s/VIN_UV, VeatT+VHDRM ) < VIN <
IN_OV
0 RESERVED 0 Y R
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REGO06h
An interrupt is asserted if any bit in REG 06h changes.
Bit Name POR gEeéetRbS)fr R/W Description Comment
If the battery reaches the
under-voltage lockout
0: No battery under-voltage o
7 | BATT_UvVLO 0 Y R | lockout (UVLO) has occurred | (UVLO) threshold, this bit is
. set to 1. This bit is reset to 0
1: Battery UVLO has occurred -
once the battery is charged
again.
0: Normal
6 SYS_SHORT 0 Y R 1: A SYS short circuit has
occurred
0: Normal
5 BST_LMT 0 Y R 1: Boost mode works in the Q2
current limit
4 CHG_FAULT[1] 0 Y R 00: Normal operation
01: A USB1 under-voltage (UV)
condition has occurred
10: A USBL1 over-voltage (OV)
3 | CHG_FAULT[O] | © Y R condition has occurred
11: The safety timer has expired
2 | NTC_FAULT[2] 0 Y 000: Normal
1 | NTC_FAULT[] | o© Y 001: Warm
010: Cool
11: Col
0 NTC_FAULTIO0] 0 Y R 200_ Hgtd
MP2696B Rev. 1.0 MonolithicPower.com 25
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REGO7h
Bit Name POR Reset by R/W Description Comment
REG_RST
NOLOAD .
7 THR[l]_ 0 Y RIw 00: 30mA These bits set the SYS no
01: 50mA load hreshold. This bi
NOLOAD 10- 75mA loa current threshold. This bit
6 THR(O] _ 0 Y RIW 11- 100mA is set to 00 by default.
0: The battery is operating
5 BATT_OVP 0 Y r | normally
1: Battery over-voltage
protection (OVP) has occurred
0: Only report in the register if
NTC is outside its threshold
4 NTC_STOP 1 Y R/W 1: Suspend the charge and
boost operation if NTC is
outside its threshold
0 6V This bit sets the Vin over-
3 VIN_OVP 0 Y R/W : voltage  protection (OVP)
1:11v
threshold.
0: 700kHz S
2 SW_FREQ 0 Y R/W 1 1200kHz This bit is set to 0 by default.
1 BST_IPK[1] 1 \% RIW 005 5A Thgse bits set the Io.w-.sio!e
01: 5.5A switch peak current limit in
10: 6A boost mode. These bits are
0 BST_IPK[O] 1 Y RIW | 11: 6.5A set to 11 by default.
REGO08h
Bit Name POR Reset by R/W | Description Comment
REG_RST
0: VBaTT_REG - 100MV S
7 JEITA _VSET 1 Y R/W 1: Veart ree - 200mV This bit is set to 1 by default.
0: 14.3% of Icc L
6 JEITA_ISET 1 Y R/W 1: 50% of loc This bit is set to 1 by default.
0: 34% This bit sets the hot threshold.
5 VHOT L Y RIW 1: 36% This bit is set to 1 by default.
- 0,
4 VWARM[1] 0 Y RIW OO: 44% These bits sets the warm
01: 40% .
10 38% threshold. These bits are set
3 VWARMI[0] 1 % RIW 11 36% to 01 by default.
- 7920,
2 VCOOL[1] 1 Y RIW 00: 2% These bit sets the cool
01: 68% hreshold. Th bi
10 64% threshold. These bit are set to
1 VCOOL([0] 1 Y RW | 11: 60% 11 by default.
0 72% This bit sets the cold
0 VCOLD 0 Y R/W : threshold. This bit is set to 0
1: 68%
by default.
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REGOAh ®
Bit Name POR F';ééik?fr R/W Description Comment
7 TMR 0 N/A N/A 2 mg gﬂg;gg Emg :: igmz This bit is set to 0 by default.
6 RESERVED N/A N/A N/A Reserved.
5 RESERVED N/A N/A N/A Reserved.
4 RESERVED N/A N/A N/A Reserved.
0: The pre-charge threshold is
3 VPRE 0 N/A N/A ?’The ore-charge threshold is | TS bitis set o 0 by defaut.
2.5V
2 RESERVED N/A N/A N/A Reserved.
1 RESERVED N/A N/A N/A Reserved.
0 RESERVED N/A N/A N/A Reserved.
Note:

6) Register OAh is for the one-time programmable (OTP) only. It is not accessible to users.
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OTP MAP
# Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0]
0x02 N/A BATT_REG: 3.6V to 4.45V N/A N/A N/A N/A
0x07 NOLOAD_THR N/A NTC_STOP | VIN_OVP N/A N/A N/A
O0x0A TMR N/A N/A N/A VPRE N/A N/A N/A
OTP DEFAULT
OTP Items Default
BATT_REG, bits[2:0] 4.2V
NOLOAD_THR, bits[1:0] 30mA
NTC_STOP éijtsslijjé)ﬁr;c:;?eesﬁgﬁge and boost operation if NTC is
VIN_OVP 0: VIN_OVP = 6V
TMR 0: The charge timer is 20hrs
VPRE 0: The pre-charge threshold is 3V
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APPLICATION INFORMATION
Setting the NTC Resistor

Figure 14 shows the different temperature
thresholds (cold, cool, warm, and hot) that are
preset by the internal voltage divider reference
circuit.

VRNTC —‘
RTl
NTC | Cold

Cool

T T
RNTC R
T2
Hot Warm

NTC
Protection

Figure 14: JEITA-Controlled NTC Protection
Circuit
To set the NTC window for a given NTC

thermistor, calculate Rt1 and Rr2 with Equation
(6) and Equation (7), respectively:

R xR

_ Rnte_mor NTC_cop X (Veoro = Vior) (6)
n=

Veorp X Vuor X (RNchcOLD - RNTCfHOT)

Ro. = RNTCfHOT X RNchcoua % (Veowo = Vior) (7)
2=
Vior X (1= Veorp) % RNTCfCOLD ~Veoup ¥ (1= Vior) X RNTC?HOT

Where Rntc_nor is the value of the NTC resistor
at the upper bound of its operating temperature
range, and Rnrc cowp is the value at the lower
bound. Vwuor is the hot temperature threshold
percentage, which can be set to 34% or 36% of
Vvrnte. Veolp is the cold temperature threshold
percentage, which can be set to 72% or 68% of
VvRnTC.

The warm and cool temperature thresholds can
be calculated with Equation (8) and Equation
(9), respectively:

RT2 //RNTC_WARM (8)

V. -
WARM I?Tl + RTZ // I:{NTC_WARM

RTZ // I:QNTC_COOL (9)

V =
coot RTl + RTZ I RNTC_COOL

Using the results from these calculations,
choose the closest warm and cool thresholds in
REG 08h.

If no external NTC is available, connect Rr; to
R, to keep the voltage on NTC within the valid
NTC window (eg Rri=Rm2 = 10kQ)

Selecting the Inductor

Inductor selection requires a tradeoff between
cost, size, and efficiency. A smaller-value
inductance results a physically smaller inductor,
but also results in greater current ripple,
magnetic  hysteretic losses, and output
capacitance. A higher-value inductor benefits
from lower ripple current and smaller output
filter capacitors, but results in a greater inductor
DC resistance (DCR) loss.

Table 2 shows recommended values when
selecting an inductor

Table 2: Inductor Selection Guide

RS1 (mQ) Max lcc (A) L (uH)
10 3.6 1
20 1.8 2.2
30 1.2 3.3
50 0.72 4.7

Choose an inductor that does not saturate
under the worst-case load condition.

Selecting the PMID Capacitor (Cpmip)

Select Cpmip based on the demand of the PMID
current ripple for the mode being used.

In charge mode, Cepuwip acts as the input
capacitor of the buck converter in charge mode.
The input current ripple can be calculated using
Equation (10):

| \/VBATT X (Vin = Vearr) (10)

cc_max X Y,
IN

RMS_ MAX

In boost mode, Cpwmip is the output capacitor of
the boost converter. Cpvmip keeps the system
voltage ripple small and ensures feedback loop
stability. The system current ripple can be
estimated with Equation (11):

_ IBATT % \/ VBATT x (VSYS - VBATT) (1 1)
sts

RMS _MAX

Select the PMID capacitors based on the ripple
current temperature rise, and ensure that the
temperature rise does not exceed 10°C. For the
best results, use ceramic capacitors with X5R
dielectrics because of their low ESR and small
temperature coefficients.

MP2696B Rev. 1.0

MonolithicPower.com 29

4/16/2021 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2021 MPS. All Rights Reserved.



meSs

MP2696B — SW CHARGER WITH 1°C CONTROL, BOOST OUTPUT

Compensate the Current-Sense Resistor

The soldering tin has resistance. For a 10mQ
resistor soldered on the PCB, the total
resistance between the resistor pads is
between 11mQ and 12mQ.

One method to compensate for this resistance
consists of applying a resistor divider to the
CSP/BATT pins (see Figure 15).

L1 RS1
SWE] A o~/ l
MP2696B
csp R1 ICBATT
100 '
BATTL! g

Figure 15: Current-Sense Compensation

After the PCB is assembled, apply a 2A DC
current source between SW and BATT.
Measure the voltage drop across the current-
sense resistor on its PCB pads (Vcs). Calculate
R1 with Equation (12):

PCB Layout Guidelines

Efficient PCB layout is critical to meet specified
noise, efficiency, and stability requirements. For
the best results, follow the guidelines below:

1. Place the PMID capacitor as close as
possible to the PMID and PGND pins using
a short copper plane connection. Place the
PMID capacitor on the same layer as the IC.

2. Minimize the high-frequency current path
loop between the PMID capacitor and the
switching power MOSFETs (PMID pin to
capacitor, capacitor to PGND pin).

3. Connect the IC’'s power pin to as many
copper planes as possible to conduct heat
away from the IC.

4. Place decoupling capacitors (e.g. the VCC
pin capacitor) as close as possible to the IC
pins, and make the connection as short as
possible.

5. Ensure the number and physical size of the
vias is sufficient for a current path.

V.. —2xRS1
Rl=—S__—_ _~"x10Q (12)
2xRS1
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TYPICAL APPLICATION CIRCUIT

UsSB2
J- %Csvs O
L =
SYS O
DM
SMID
| DP EEJ L] O
s PMID
CMID"
BST[]-l
USB1 = Cast
O L1 RS1
* {1IN SWEL W-e—2
| MP2696B il
C
O IC'N CSPLI— l PATT T
- BATTi
] RT1
O = VRNTC[] WW—
RT2 =
INT NTCL+—
SCL
HOST vee
SDA
Cvec
IB l
l AGND  PGND
Figure 16: Typical Application Circuit for Power Bank
Table 3: Key BOM from Figure 16
Qty Ref Value | Description Package Manufacturer
1 Cin 1uF Ceramic capacitor, 16V, X5R or X7R 0603 Any
1 Cwmip 10pF | Ceramic capacitor, 16V, X5R or X7R 0805 Any
2 Csvs 10pF | Ceramic capacitor, 16V, X5R or X7R 0805 Any
1 Ceartr 22uF | Ceramic capacitor, 10V, X5R or X7R 0805 Any
1 Cvece 2.2uF | Ceramic capacitor, 6.3V, X5R or X7R 0603 Any
1 Cest 470nF | Ceramic capacitor, 16V, X5R or X7R 0603 Any
1 L1 1pH Inductor, 1pH, low DCR SMD Any
1 RS1 10mQ | Film resistor, 1% 1206 Any
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PACKAGE INFORMATION

QFN-21 (3mmx3mm)

| 2.90 |
PIN1ID ‘ 210 ‘
|
MARKING \W
o // 2.90
PIN1ID _~ ‘* I 3.10
INDEX AREA ‘
|
[
TOP VIEW
0.80
0.20 REF— 1 1.00
0.00
0.05
SIDE VIEW
1.05 1.45
1.50 0.70
«EL H_H | 0.10X452 TYP

SR ——

0.40— E |

=
ES i S
H08R0Y

0.40-=- 020

—2.90

RECOMMENDED LAND PATTERN

0.35 | ‘
045 [ | ]
JU U‘L JU
15% | — 0.40
= lc—dg-+tesc
—]
0.10X45? TYP— | O | 015
B | " 025
.35 7
- 100n0g
0.40 IEE
BsC— 1 7025
BOTTOM VIEW

NOTE:

1) ALL DIMENSIONS ARE IN MILLIMETERS.
2) LEAD COPLANARITY SHALL BE 0.08
MILLIMETERS MAX.

3) JEDEC REFERENCE IS MO-220.

4) DRAWING IS NOT TO SCALE.
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CARRIER INFORMATION

/OOOOOOOO

Pinl —» 1| 1{[ e e
Reel ABCD ABCD ABCD ABCD
Diameter

_—

Feed Direction

. . Carrier | Carrier
Part Number Dgsagrkia%?)n Quantity/Reel Qu.?r r;tlty/ QuTink;gy/ Di:rﬁilter Tape Tape
b y Width | Pitch
MP2696BGQ- | QFN-21 .
0000** (3mmx3mm) 5000 N/A N/A 13in 12mm 8mm
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