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MEZS7-4.5APDCharger

PD Application with Wide Input Voltage
and OTG Supported Solution Module

DESCRIPTION

The MEZS7-4.5APDCharger is a solution
module for PD applications with the MP2731
and CCG3PA, supporting PD3.0 and BC1.2
protocols. MPS’s MP2731 is a wide input, 4.5A
switching mode NVDC battery charger IC for
single-cell Li-ion or Li-polymer batteries. It
offers USB On-the-Go (OTG) capabilities,

which are used as the power stage in this board.

The CCG3PA is a Cypress PD controller, which
handles the PD protocol.

The board contains a DRP Type-C port. When
an adapter is inserted, the port acts as a UFP to
charge the battery with a 3A charge current.
When a load is inserted, the port acts as a DFP
to power the USB from the battery with a
5.1V/2.4A output capability.

The board supports NVDC architectures with
power path management, which makes this
board suitable for different portable applications,
such as tablets, MIDs, and smartphones. Its
low-impedance power path optimizes efficiency,
reduces battery charging time, and extends
battery life.

ELECTRICAL SPECIFICATIONS

FEATURES

e 5V to 12V Operating Input Voltage Range
e Upto 22V Sustainable Voltage
o High-Efficiency, 4.5A, 1.35MHz Buck
Charger
e Supports PD3.0 and BC1.2 Protocols
e USB On-the-Go (OTG) Supported to Power
the USB Port from the Battery
e Up to 9A Battery Discharge Current
¢ Narrow Voltage DC (NVDC) Power Path
Management
o Instant On Works with No Battery or
Deeply Discharged Battery
o ldeal Diode Operation in Battery
Supplement Mode
e |2C Port for Flexible System Parameter
Setting and Status Reporting
e Full DISC Control to Support Shipping Mode
and System Restart
e High Accuracy:
o *0.5% Charge Voltage Regulation
o *5% Charge Current Regulation
o 5% Input Current Regulation
o 2% Output Regulation in Boost Mode
o Safety:
o Configurable JEITA for Battery
Temperature Protection

Parameter Symbol Value Units . .

o Battery Charging Safety Timer
Input voltage Vin ot012 v o Thermal Regulation and Thermal
Charge full 4.2, Shutdown
voltage VBATTREG | |2¢_configurable | ¥ '

g 9 o Input/System Over-Voltage Protection
Charge | 3.0, A o Supports Temperature Protection in the
current ce 12C-configurable Battery Side
Input voltage 4.6, e Charging Operation Indicator

. VIN_MIN P ) \%
regulation I1°C-configurable C ONS
Input current | 0.5, A APPLICATION
limit NLHM - 12¢-configurable e Tablet PCs
OTG voltage 5.1, e Smartphones
: VIN_DSCHG | 2 : \ . .
regulation I1°C-configurable e Mobile Internet Devices
OTG current lIN_DscHG 2.4, A All MPS  part lead-free, hal fi d adhere to the RoHS
R || . parts are leaa-free, nalogen-iree, and aanere 10 e 0
limit IZC'Conflgurable directive. For MPS green status, please visit the MPS website under
Quality Assurance. “MPS”, the MPS logo, and “Simple, Easy Solutions” are
trademarks of Monolithic Power Systems, Inc. or its subsidiaries.
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Efficiency vs. Charge Current
MP2731 only, Viy = 5V/9V/12V,
VBATT = 38V, RL_DCR =21mQ
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Board Number MPS IC Number
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mP5 MEZS7-4. 5APDCHARGER - MP2731 SOLUTION MODULE

QUICK START GUIDE

The MEZS7-4.5APDCharger is an MP2731 reference design for PD applications, and includes a DRP
Type-C port. Its layout accommodates most commonly used capacitors. The charge current is preset at
3A, and the charge-full voltage is preset to 4.2V for a single-cell Li-ion battery. In On-the-Go (OTG)
mode, the output is preset at 5.1V/2.4A. All of the charging/discharging parameters are set by the
CCG3PA. The user can also download their own codes to the CCG3PA through the configuration
header in this board. Table 1 lists the possible jumper connections.

Table 1: Jumper Connections

Jack Description Factory Setting
JP1 NTC pin setting: pull low to set the NTC to the fixed ratio: 50% | Pulled low
JP2 CE pin setting: pull low to enable the charge Pulled low
JP3 OTG pin setting: pull high to enable the OTG Pulled high
JP4 Connect the SCL line between MP2731 and CCG3PA Install
JP5 Connect the SDA line between MP2731 and CCG3PA Install
P2 CCG3PA programming header N/A

Test Procedure

1.

Connect the load to:

a. Positive (+): VSYS

b. Negative (-): GND

Connect the battery terminals to:
a. Positive (+): VBATT

b. Negative (-): GND

If using a battery simulator, preset the battery voltage between 0V and 4.2V, then turn it off.
Connect the battery simulator output to the VBATT and GND pins, respectively.

Ensure the battery voltage is present (if using a battery simulator, turn the battery simulator on).
Then connect the board to an adapter with a USB Type-C to Type-C, or Type-A to Type-C cable.

5. Figure 1 shows the original set-up for the MEZS7-4.5APDCharger.
! Battery Pack
O il B Sal @ @ Q or Simulator
[ . ] al
JP5  JP4 VBATT GND
MAIN CIRCUIT GND
Adapter @._L
SyStem
VSYS Load
USB Cable SE— J—
MEZS7-4.5APDCharger
oTG CE NTC_BAT
H H
0. I © © ® ® ©
O IP3 Jp2  Jp1  NTC_BAT VREF GND  NTC  INT O
Figure 1: Test Set-Up for the MEZS7-4.5APDCharger
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Charge Mode

SCP, CDP, DCP, and PD charge modes can be tested on this board. For SCP mode, follow step 1. For
CDP or DCP mode, follow step 2. For PD mode, follow step 3.

1. Connect a USB SCP port to the board with a USB Type-A to Type-C cable. There is a 5V input, and
the input current limit is set to 500mA.

2. Connect a USB CDP/DCP port to the board with a USB Type-A to Type-C cable. There is a 5V
input, and the input current limit is set to 1.5A.

3. Connect a PD adapter to the board with a USB Type-C to Type-C cable. There is a 12V maximum
input, and the input current limit is set according to the adapter’s output capability.

Discharge Mode
The Type-C port in this board is a DRP port. When a load is attached, it can work as a DFP to power
the USB from the battery. The output voltage is 5.1V, and the output current limit is preset to 2.4A.

Disconnect the adapter from the board, and connect a smartphone to the board with a USB Type-C to
Type-C cable. The board should start outputting 5.1V to charge the phone. When the smartphone is
removed, the output of the board should be disabled automatically.
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SOLUTION MODULE SCHEMATIC
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Figure 2: Solution Module Schematic
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MEZS7-4.5APDCHARGER BILL OF MATERIALS

Qty Ref Value Description Package | Manufacturer Manufacturer P/N
Ceramic capacitor,
1 C1 1uF 50V, X7R. 0805 0805 Murata GRM21BR71H105KA12L
Ceramic capacitor,
2 C2,C3 390pF 50V. COG, 0603 0603 Murata GRM1885C1H391JA01D
Ceramic capacitor,
1 C4 4.7uF 25V. X5R, 0805 0805 Murata GRM21BR61E475KA12L
C5, C7, Ceramic capacitor,
4 Co. C24 100nF 16V, X7R. 0603 0603 Murata GRM188R71C104KA01D
Co6, C8, Ceramic capacitor,
4 C11, C23 1uF 25V, X7R, 0603 0603 Murata GRM188R71E105KA12D
Ceramic capacitor,
1 C10 NC 50V, X5R, 1206 1206 Murata
Ceramic capacitor,
1 C12 10uF 50V, X5R, 1206 1206 Murata GRM31CR61H106KA12L
Ceramic capacitor,
2 C13, C15 22uF 16V, X5R. 1206 1206 Murata GRM31CR61C226KE15L
Ceramic capacitor,
2 C14, C16 NC 16V, X5R, 0805 0805 Murata
Ceramic capacitor,
1 C17 10uF 16V, X5R. 0603 0603 Murata GRM188R61C106KAALD
Ceramic capacitor,
1 C18 47nF 50V, X7R, 0603 0603 Murata GRM188R71H473KA61D
Ceramic capacitor,
2 C19, C20 NC 16V, X5R, 0603 0603 Murata
Ceramic capacitor,
2 C21, C22 2.2uF 10V, X7R. 0603 0603 Murata GRM188R71A225KE15D
2 D1, D2 NC Diode, 50V, 3A SMA Any
2 | D3,D4 | Bos3ow | Schottky diode, SOD-123 |  Diodes BO530W
' 30V, 0.5A
1 L1 1.0pH Inductor, 1.0pH SMD Cyntec HTEP32251B-1R0OMIR-89
1 LED1 Red Red LED 0805 Bright LED BL-HUF35A-TRB
1 R1 51kQ Film resistor, 1% 0603 Yageo RCO0603FR-0751KL
3 Rzl,?ges, 0Q | Film resistor, 1% 0603 Yageo RCO603FR-070RL
3 R?{,SS, 100kQ Film resistor, 5% 0603 Yageo RC0603JR-07100KL
R7, R13 NC Film resistor, 1% 0603 Yageo
R8, R9 2kQ Film resistor, 1% 0603 Yageo RCO0603FR-072KL
R11, R12,
6 | R14, R16, 10kQ Film resistor, 1% 0603 Yageo RCO0603FR-0710KL
RT1, RT2
1 R15 56.2kQ Film resistor, 1% 0603 Yageo RC0603FR-0756K2L
2 FEHM 1kQ | Film resistor, 1% 0603 Yageo RCO603FR-071KL
1 RS1 5mQ Film resistor, 1% 1206 Yageo PA1206FRF070R005L
P-channel
2 Q1, Q2 AM4407P | MOSFET, -30V, SO-8 Analog Power AM4407P
15A
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MEZS7-4.5APDCHARGER BILL OF MATERIALS (continued)

Qty Ref Value | Description Package Manufacturer | Manufacturer P/N
INT, NTC,
4 | NTC BAT, connecior
VREF
3 JP1, JP2, 2.54mm
JP3 connector
2 | JP4, IP5 2.54mm
connector
JP1, JP2, 2.54mm
5 JP3, JP4, connector,
JP5 shorter
Push Button, SM
1 Swi1 button 4mmx10mm,
1.5mm height
1 P1 Type-c | 1YPe-C DIP JAE DX07S024JJ2R1300
receptacle
1 P2 Header, 5-pin
VBATT,
VSYS,
4 PGND. 2mm
PGND
TP-CC1,
TP-CC2,
TP-PMID, .
6 TP-SW, TP- Test point
VBUS, TP-
VBUSC
USB Type-C QFN24- i
1 Ul CCG3PA PD controller (Ammxamm) Cypress CYPD3171-24LQXQ
4.5A I1°C- QFN-26
1 u2 MP2731 | controlled SW MPS MP2731GQC-0000
(3.5mmx3.5mm)
charger
Low input
1 u3 mp2000 | Yoltage SOT23-5 MPS MP2000DJ-ADJ
150mA linear
regulator

MEZS7-4.5APDCharger Rev. 1.0
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SOLUTION MODULE TEST RESULTS

V|N = 5.0V, VBATT = 0V to 4.2V, |cc = 3A, |IN_LIM = 1.5A, VIN_MIN = 4.6V, L1 = 10[.|H, C|N = 1|.|F,
Cemip = 10|.IF, Ceatr = 22|.IF, Csys = 22|.IF, Ta = 25°C, unless otherwise noted.

Battery Charge Curve Auto-Recharge
ViN =9V, Iin_um = 2A, VBaTT REG = 4.2V, Vin =9V, Iin_um = 2A, VeaTT ReG = 4.2V,
Isys = OA Isys = 0A
..... . CH2: Vearr
CH3: V : . :
CH3: Vstar PP - | e
- ~ ; Y =
CHL Vsys [P i ?"‘*-. _ CH1:Vsys o - ‘-'-.;1 -----
CH2: Vearr || . .. N Y
% "
: . - \
CH4: lgatr  Jo” ’ T lememacs CH4: lgarr  Pr )
1[\[.‘, B 4005 25.0k8/s [+ ] 1[3: v B ||4.Cl]s - 25.31(31’5: r
£’ 200 B 9 1004 By ” 1M points 4324 *B 2004 B 9 1.00 A B 1M points 4324
Trickle Charge Pre-Charge
ViN = 5V, Veart = 1.0V, Isys = 500mA VIN = 5V, VeatT = 2.5V, Isys = 500mA
4 4
CH3: Vsw CH3: Vaw | ot M-
CHL: Vevs CHL: Vsvs
CH2: Vearr B CH2: VBATT  [ppmsisisminsimstusdisomans m—
CH4: IgatT CH4: lgatT
il ovgan: iy N T oom: iy
Constant Current Charge Constant Current Charge
ViNn =5V, Iin_um = 1.5A, Veart = 3.3V, lcc = 3A ViN =5V, lin_um = 1.5A, Veart = 3.8V, Icc = 3A
I et | . A )
CH3: Vsw B S T TR T CH3: Vew s - -
CH1: Vsys CH1: Vsys mim - L memmea
CH2: Veatr  BE- - CH2: Veatr
CHA: lgatt Bl . L CH4: lgatT
”mnus 25065/3 7 ) ]|1.0Eus 2.5065/x a8
L 10M points 441 & 200v B 1.00 & § 10M points 2444
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SOLUTION MODULE TEST RESULTS (continued)

V|N = 5.0V, VBATT = 0V to 4.2V, |cc = 3A, |IN_LIM = 1.5A, VIN_MIN = 46V, L1 = 10|.IH, C|N = 1|.|F,
CrmiD = 10|.IF, Ceatr = 22|.IF, Csys = 22|.IF, TA = 25°C, unless otherwise noted.

Constant Current Charge Constant Current Charge
ViN =9V, Iin_um = 2A, Veart = 3.3V, lcc = 3A ViN =9V, lin_um = 2A, Veart = 3.8V, lcc = 3A

L T e T T D e T o O T T O e T R

CH2: Veatr CH2: VearT
: | | ||| 4
CHS3: Vsw %mmmwmmmmwwwﬂmh CH3: Vsw TN L 0 R SV U S e S SR T I = R U A R SR N
CHL1: Vsys CH1:Vsys I o o
CH4: lgatT CH4: lgatT
Hlﬂtus. 2 5065/ 0./ LCD‘J ) "LCD;;I 2.5)531‘5. e
3 10M points 2.40% & v s 9 2004 & 10M points 240¢
Constant Current Charge Constant Current Charge
Vin =12V, Iin_um = 2A, VeatT = 3.3V, Icc = 3A Vin = 12V, Iin_um = 2A, Veatt = 3.8V, lcc = 3A
- - - [ ] - u -t - ] [ - ) - - - - - - - - - - - ] -
CH2: Veatr CH2: VearT
ks ks
CH3: Vsw AP S S O W S iy L i S0 CH3: Vo Jofed nid - huned ol ] bl o S s bl ] il ik ]
CH1: Vsys CH1: Vsys
CH4: Igatr CH4: lgatT
TR - ST i ovpan: S0y N ;i
Battery Supplement Mode Constant Voltage Charge
Vin = 5V, Iin_um = 1.5A, VearT = 3.8V, Isys = 3A Vin =5V, Iin_um = 1.5A, Veatt = 4.19V, Isys = 0A
S e P R wem e mm P BSRR m P v beeR em i ‘ i gl T | I B i
..... I et
4
CH2: VeatT CHS3: Vsw o W |
CH3: Vsw [ S I .
CH: Veys O s B e eemmcimrsinmioreremehrrem s eemeinsiras
CH4: lgatt CH2: VeatT
IR, CH4: lgatt
. e 9 I T .
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SOLUTION MODULE TEST RESULTS (continued)

V|N = 5.0V, VBATT = 0V to 4.2V, |cc = 3A, |IN_LIM = 1.5A, VIN_MIN = 46\/, L1 = 10[.|H, C|N = 1|.IF,
Cemip = 10uF, Cearr = 22MuF, Csys = 22uF, Ta = 25°C, unless otherwise noted.

Power On/Off Waveform

ViN =5V, Iin_um = 1.5A, VearT = 3.3V,

Isys = 0.5A
...... .
(o R IRV VI i — ' m—
CHL1: Vsys
CHA4: lgatr ot
- -
L @ s o Sy
SYS Load Transient
Vin = 9V, Vearr = 3.3V, charge disabled,
Isys = 1A to 3A
CH1: Vsys
(3.7V offset)
CH2: VeatT
CH3: Vsw
CH4: lIsvs
T ]{40[\145 25065/ ﬂ.f
& sy & 9 2.00 5 10M paints 1724
Battery Discharge Current
Vin = float, Veatt = 4.0V, Isys = up to 10A
CH2: VeatT
CH1: Vsys \ ]
CH3: VREF
CH4: Isvs

2.5068/5

; ]{lﬂ[\us

10M points

0/
3.50 &

CH3: CE

CHL1: Vsys
CH2: VeatT

CH4: lgatT

CH2: VatT
CH3: DISC
CH1: Vsys

CH4: lgatr

CH3: Vsw

CH2: VeatT
CH1: Vi

CH4: lote

Charge On/Off
ViN =5V, lIin_um = 1.5A, Veatt = 4.0V, Isys = 0A

i

U N H

= = e 0/

I - BT |[ 10Mpoints 2.4
System Reset Mode
Vin = float, Veatt = 3.8V, Isys = 2A

_
' T S

............. - P
oL [ ——
——

L0V & |[2.ws SDOkS{s. [N
*8 200V & o 00 By 10M points 1724
OTG Mode On

Vin = float, OTG mode, VeatT = 3.8V,
lin_pscHe = 2.4A, lote = 0.5A

125655
10M points

/
192V

: |[8U[Jus
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SOLUTION MODULE TEST RESULTS (continued)

V|N = 5.0V, VBATT = 0V to 4.2V, |cc = 3A, |IN_LIM = 1.5A, VIN_MIN = 46\/, L1 = 10[.|H, C|N = 1|..|F,
Cemip = 10uF, Cearr = 22MF, Csys = 22uF, Ta = 25°C, unless otherwise noted.

OTG Steady State Operation
Vin = float, OTG mode, VeatT = 3.8V,
IIN_pscH = 2.4A, lote = 1.5A

CH2: VeatT

D,
CH1: Vin L""'“ o

CH3: Vsw
CH4: I

250855 o
10M points 244Y

CH1: Vi
CH2: VearT

CH3: Vsw
CH4: lote

OTG Voltage Regulation

Vin = float, OTG mode, VeaTT = 4.0V,

IIN_pscHe = 2.4A, lote = 0-2.4A

1.00MS/s
10M points

[N
2404
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PCB LAYOUT
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Figure 3: Top Layer

Figure 5: Mid-Layer 2 Figure 6: Bottom Layer
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Revision History

. Revision N Pages
Revision # Date Description Updated
1.0 8/3/2020 Initial Release -

Notice: The information in this document is subject to change without notice. Please contact MPS for current specifications.
Users should warrant and guarantee that third-party Intellectual Property rights are not infringed upon when integrating MPS
products into any application. MPS will not assume any legal responsibility for any said applications.
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