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Output 36W Power Buck SOC with Multiple Fast Charge Protocols

1 Features

Synchronous Step-Down Converter

>

YV V V V

A\

>

Built-in Power MOSFETs

Input Voltage Range, 5.4V to 30V
Output voltage range: 3V~12V

Output power support CV/CC mode
VIN=24V, VOUT=5V@3A, Conversion
efficiency up to 93.61%.

Soft-Start

Output Voltage Line Loss Compensation,
80mV@1A

Fast Charge Output

>
>

>

>

Supports DCP (BC1.2, Apple, Samsung)
Supports Qualcomm Quick Charge
Protocol QC2.0 and QC3.0

Supports Samsung Fast Charge Protocol
AFC

Supports Huawei Fast Charge: FCP and
HSCP

Multi-Protection and High Reliability

>
>

>
>
>

Input overvoltage, input under voltage
Output short circuit, output overcurrent
protection

Over temperature protection

Input Voltage Withstand up to 30V

HBM ESD 4KV

Package: SOP8L

2 Application

® Car Charger
® Fast Charge Adapter
® Intelligent Power Hub

3 Introduction

IP6535L is a synchronous switch buck
regulator which supports multiple fast charge
protocols, providing total solution to car charger,
fast charge adapter and intelligent power hub
applications.

IP6535L has built-in power MOSFET, input
voltage range is 5.4V to 30V, output voltage
ranges from 3V to 12V, and supply up to 36W
output power. The output voltage is automatically
adjusted based on the corresponding protocol
identified by IP6535L. Typical output portfolio is
5V@3A, 9V@3A and 12V@3A.

IP6535L supports multiple fast charge
protocols. The protocol is identified by the signal
on DP/DM, and IP6535L adjusts output voltage
according to the corresponding protocols. IP6535L
supports DCP (BCl1.2, Apple, Samsung),
Qualcomm Quick Charge QC2.0 and QC3.0,
Samsung AFC, Huawei FCP and HSCP

IP6535L incorporates multiple safety protect
-tions, such as input OV/UV, output OV/UV/OC
and SC protection.
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IP6535L Simplified Application Schematic
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4 Revision History

Notes: The page number of the previous version may different from the page number of the current version
Initial Release V 1.00 (Apr 2024)

5 Typical Application Schematic Diagram

IP6535L Peripheral only need a few inductors, capacitors, resistors, you can achieve a full function
of the car charging scheme.
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VIN pp>-DP |, 5 | PGND ‘
Fl 1P6535L 2244

SOP8L
a DM DM 3 6 LX
100puF
= 35V VIN 4 5 LX

Fig. 2 1P6535L Application Schematic

Notes:

(1) PIN3 is a Low-voltage PIN. it is recommended to add white oil between PIN3 and PIN4 to prevent
contact and damage to the PIN.

(2) The GND of the input and output capacitors should be connected with the PGND of a large area.

(3) If the scheme needs to consider EMI debugging, the RC absorption circuit at LX can be reserved.
The RC circuit should be placed near PIN5 and 6, and the loop composed of RC circuit, IC LX and
PGND should have the smallest area on the PCB.

V1.00 http://www.injoinic.com/ 3/19 Copyright © 2024, Injoinic Corp.
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6 PIN Definition

VOuT

DP

DM

VIN

1 8 | PGND
2 7 | PGND
IP6535L
3 6 LX
SOPSL
4 5 LX

Fig. 3 1P6535L PIN Configuration

Pins _
- : Description
Pin NO. Pin Name
1 VOUT VOUT voltage feedback pin
2 DP USB A port fast charge communication pin DP
3 DM USB A port fast charge communication pin DM
4 VIN Input voltage node
5 LX Power switch node, connected to external inductor
6 LX Power switch node, connected to external inductor
7 PGND Power ground
8 PGND Power ground
V1.00 http://Awww.injoinic.com/ 41719 Copyright © 2024, Injoinic Corp.
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7 IP Series Model Selection Table

7.1 IC Selection Table

Supported Protocols Package
— Output | Dual y—" m—
current |ports | hep | 0c2.0|Qc3.0| FCP | scP | AFC SFCP | PD2.0 Pkg |P2P
PE (PPS)
IP6536 24A | A v ESOPS | 3
IP6523S_NU 3.4A v ESOP8 g
IP6525TQ 18W V \ \ \ N ESOP8
IP6535 36W v v v v V- v SOP8 g
IP6535L 36W v v v v V- v SOP8 g
IP6525T_NU 18W V V V \ N ESOP8
IP6525S 18W J J J J J v J v ESOPS8 %
IP6525S_0OC 18W v v v v v v v ESOP8 -
IP6520 18W J J J J J V J J ESOPS8
IP6520T 20W V V V J V J ESOP8 %
IP6520T_PPS 20W v v v v v v v ESOP8 -
IP6537_C 18W v v v \ \ N \ N S N QFN24 g
IP6537_C_30W20V | 30W v v v \ \ N \ N S y QFN24 g
IP6529 _C 27W v v v v v v v QFN24
IP6538U_AA 24W N v v v \ \ N \ QFN32 g
IP6538U_AC 27W N v v v \ \ N \ \ N QFN32 g
IP6551 4.8A d v QFN32
IP6527U_A 24W v v v v v N v QFN32 g
IP6527U_C 27W v v v v N v \ N QFN32 g
IP6559_C 100W v v v R R N S N QFN64 g
IP6559_AC 100W v v v v v v N \ v QFN64 g
IP6557_C 140W v v v v v N v N \ N QFN40
V1.00 http://www.injoinic.com/ 5/19 Copyright © 2024, Injoinic Corp.
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7.2 IP6535L Series Product Selection

Product Notes

IP6535L Standard Product

V1.00 http://www.injoinic.com/ 6/19 Copyright © 2024, Injoinic Corp.
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8 Internal Block Diagram

VIN

X4
VINS_EN [ SVee uvLo
- Regulator
comP
—
HS DRIVER ji
J 1
;
H
vref_ovp LS DRIVER i %X
VOUTH Control
Vref_uvp +
oTP
Protection Current
sense
QC2.0/QC3.0/FCP/AFC/DCP
SCP/HSCP
[X] PGND
DP DM
Fig. 4 IP6535L Internal Block Diagram
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9 Absolute Maximum Ratings

Parameters Symbol Value Unit
Input voltage range VN -0.3~32 Vv
LX voltage range Vix -0.3~32 V
VOUT voltage range VvouT -0.3~30 V
DP/DM voltage range Vor/iDMm -0.3~10 \J
Junction Temp range T; -40 ~ 150 °C
Storage Temp range Tstg -60 ~ 150 °C
Thermal resistance
(junction to ambient) O 80 "W
ESD (HBM) ESD 4 KV

* Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the
device. Exposure to Absolute Maximum Rated conditions for extended periods may affect device

reliability.

10 Recommended Operating Conditions

Parameter

Symbol

Min.

Typ.

Max.

Unit

Input voltage

VIN

54

12/24

30

\Y

*Devices’ performance cannot be guaranteed when working beyond those Recommended Operating

Conditions

Vv1.00
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11 Electrical Charateristics

Unless otherwise specified, TA=25°C, L=22uH, Cout=100uF Solid-state capacitance (About 30mQ
ESR).VIN=12V, VOUT=5V, tested on the IP6535L demo.

Parameters Symbol | Test Condition Min. | Typ. | Max | Unit
Input system
Input voltage Vin 5.4 12 30 V
ViN-uv Rising voltage 5.3 5.4 55 |V
Input under voltage
Vinuvth | Falling voltage - 0.3 - V
Vin-ov Rising voltage 29.8 30 31 \Y/
Input over voltage
VN-OV-TH Falllng VOItage - 0.2 - V
Input quiescent current lo VIN=12V,VOUT=5V@0A - 5 - mA
Power switching system
High-side MOS Ron
. RDS(ON) - 48 - mQ
resistance
Low-side MOS Ron
. Robs(on) - 25 - | mQ
resistance
Switching frequency FLx 95 115 130 | KHz
Output system
Output voltage Vour 3 5 12 |V
VIN=12V,VOUT=5V@3A 90 mV
VIN=12V,VOUT=9V@2A 70 mV
Output voltage ripple AVour | y/IN=24V,VOUT=12V@1.5A 90
Note: Typical values tested under the demo board reference
design
Soft start time Tss VIN = 24V,VOUT =5V - 1.3 - ms
Output line compensate VIN = 12V,VOUT = 5V,IOUT
Vcomp - 240 - mV
voltage =3A
VIN = 12V,VOUT <=5V - 3 -
Max output current in CC
lout VIN = 12V,5V < VOUT <=9V - 3 -
mode
VIN = 24V,VOUT <= 12V - 3 -
Output hiccup restart Hiccup restart voltage when
Vour - 3.0 - v
voltage output enter CC mode
Thermal shutdown Temp Totp Rising temperature - 150 - °C

V1.00 http://www.injoinic.com/ 9/19 Copyright © 2024, Injoinic Corp.
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Thermal shutdown Temp

: ATorp - 40 - °C
hysteresis

12 Function Description

12.1 Synchronous Step-Down Converter

IP6535L integrate a high efficiency synchronous switching buck converter, which supports a
wide input voltage range of 5.4V to 30V,and an output voltage range of 3.0 to 12V.

IP6535L integrate power switch MOSFET with 115kHz working frequency.

The conversion efficiency is up to 93.61 % at VIN=24V, VOUT=5V@3A. The efficiency
under different input voltage and load current is shown in Fig. 5.And Fig. 6 shows the output
voltage characteristics under different load current.

IP6535L automatically adjusts the output voltage and current based on the recognized fast
charging protocol.

IP6535L has a soft-start function to prevent malfunction caused by excessive inrush current
at startup. Soft-start time is 1.3ms for VIN=24V and 5V no-load output.

IP6535L VIN = 24V Conversion Efficiency Curve

9%

94
2
Z 92
>
% e \/OUT =5V
E 90 a=—\/OUT = 9V
o VOUT = 12V

88

86

0 500 1000 1500 2000 2500 3000 3500
Load ( mA)

Fig. 5 [P6535L Conversion Efficiency Curve when VIN=24V Output

V1.00 http://www.injoinic.com/ 10/19 Copyright © 2024, Injoinic Corp.
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IP6535L VIN = 24V Output Voltage Curve

14

12

=
o

> 8
= = V/OUT = 5V

3
S, —V/OUT = 9V
VOUT = 12V

2

0

0 500 1000 1500 2000 2500 3000 3500 4000

Load ( mA)

Fig. 6 [P6535L Vout-lout Curve when VIN=24V Output

12.2 Output Voltage Line Complement Function

IP6535L supports output line compensate, output voltage will increase about 80mV as
output current increase 1A.

12.3 Output CC/CV Characteristic

IP6535L output power has CV/CC characteristic. when the output current is lower than the
preset value, it is in CV mode with a constant output voltage; when the output current is higher
than the preset value, it enters CC mode, and as the output current increases, the output
voltage will decrease rapidly until the output voltage under voltage protection is triggered.

12.4 Protections

IP6535L supports input undervoltage protection: When the VIN voltage is lower than 5.1V,
IP6535L detects the input undervoltage and turns off the output.

IP6535L supports input over voltage protection: When the VIN voltage is higher than 30V,
IP6535L will turns off the output. When the VIN drops under 29.8V, IP6535L will consider the
VIN normal and turn on the output.

IP6535L supports output under voltage protection: When the VOUT output is reduced to
3.0V, the IP6535L detects the output undervoltage, turns off the output, and restarts after 2sec.

IP6535L supports short circuit protection: 8ms after the circuit is started, if VOUT voltage is
under 3V, IP6535L determines the output is short circuit and will turn off the output and hiccup
restart after 2sec.

IP6535L supports over temperature protection: when the temperature detected is higher
than 150°C,the output will be turned off. When the temperature decreases below 110°C, IP6535L
determines the temperature has recovered and will restart the output.

V1.00 http://www.injoinic.com/ 11/19 Copyright © 2024, Injoinic Corp.
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12.5 Fast Charge Protocols

IP6535L supports multiple fast charge protocols:
» Support DCP (BC1.2 Samsung and Apple)
Support Qualcomm quick charge QC2.0, QC3.0

>
»  Support Huawei FCP and HSCP
»  Support Samsung AFC

V1.00 http://www.injoinic.com/ 12/19 Copyright © 2024, Injoinic Corp.
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13 Application Notes

13.1 Input Capacitance Selection

The ESR of the input capacitor should be as small as possible. The ESR will affect the conversion
efficiency of the system.

The maximum ripple current supported by the input capacitor must be greater than the maximum VIN
ripple current of the system. The ripple current RMS value of the input capacitor is calculated as follows:

_ Vour Vour
Irms = ILoap *\/ Vin *(1- iy )

I.oap is the load current, Vi is the input voltage, Vot is the output voltage.

13.2 Inductance Selection

The inductor with 22uH is recommended for most applications.

The DCR of inductor has a great influence on the conversion efficiency of the system, and low DCR
inductors are recommended. For solutions above 30W, it is recommended to use an inductor with a DCR
of less than 10mohm.

The inductor saturation current should be at least 20% greater than the system's peak inductor
current limit to avoid inductor saturation, causing inductance drop and system instability.

The calculation formula of the PEAK current (IL(PEAK)) is as follows:

I pEAK) = ILoAD T %
I.oap IS the LOAD current, Al;, is the peak-to-peak value of the inductor current, The calculation
formula of Al is as follows:

_ Vour*(Vin—Vour)
Al = —————F——=
VIN*L*FS

Vin is the input voltage, Voyr is the output voltage, L is the inductance, Fg is the switching
frequency.

13.3 Output Capacitance Selection

The output capacitance is used to keep the output stable. The value of ESR and capacitance has an
impact on the output ripple. The output ripple voltage Vouc—ripple Can be calculated as follows:

)

Al is the peak-to-peak value of the inductor current, Rggg is the equivalent serial resistance value
of the output capacitance, Fs is the switching frequency, Cqoyr is the output capacitance value.

1

Vout—ripple = Al * (Rgsgr + 8+Fg*Cour

V1.00 http://www.injoinic.com/ 13/19 Copyright © 2024, Injoinic Corp.
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14 Typical Application Schematic

IP6535L Peripheral only need a few inductors, capacitors, resistors, you can achieve a full function
of the car charging scheme.

VOouT 1 8 PGND
/7\1/7\1/7\1/7\
L1 _—
vin P> PP, ,lponD | | vour | _
i1 IP6535L 224 ) U

oM SOPSL X 100pF pp—>DP
a DML 3 6 ——— 25V
100uF 1 i
= 35v VIN |, 5| X

Fig. 7 IP6535L Output application schematic diagram.

Notes:

(1) PIN3is a Low-voltage PIN, it is recommended to add white oil between PIN3 and PIN4 to prevent
contact and damage to the PIN.

(2) The GND of the input and output capacitors should be connected to the PGND of a large area.

(3) If the scheme needs to consider EMI debugging, the RC absorption circuit at LX can be reserved.
The RC circuit should be placed near PIN5 and 6, and the loop composed of RC circuit, IC LX and
PGND should have the smallest area on the PCB.

V1.00 http://www.injoinic.com/ 14119 Copyright © 2024, Injoinic Corp.
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15 BOM
NO. Device Spec. Unit | Counts | Designhator Note
1 IC IP6535L PCS 1 Ul
. 22uH+/-20%,Nominal
magnetic ring
2 . current 6A PCS 1 L1
inductor
DCR<12mohm

3 capacitor 100uF/35V PCS 1 C1 Rated voltage>35V.
4 capacitor 100uF/25V PCS 1 Cc2 Rated voltage>25V
5 Fuse F1 PCS 1 F1 Current value 4A

V1.00 http://www.injoinic.com/ 15/19 Copyright © 2024, Injoinic Corp.
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16 Considerations for PCB Layout

IP6535L integrated buck converter, PCB layout is important for system stability, EMI, and other
performance indicators, the IP6535L PCB layout suggestions are as follows:

1. The output feedback line to the VOUT PIN of chip needs to be far away from the LX line, and
ground isolation should be used between the two lines.

2. The GND of the input and output capacitors should be connected to the PGND of a large area,;

3. If the scheme needs to consider EMI debugging, the RC absorption circuit at LX can be reserved.
The RC circuit should be placed near PIN5 and 6, and the loop composed of RC circuit, IC LX and PGND
should have the smallest area on the PCB.

4. The following paths with high currents flowing through them should be thickened:
@ The VIN of the input positive IC shall be copper-lined,;
@ the LX of the IC to the inductor L1 shall be copper-lined as short as possible;

@ The output VOUT network shall be copper-lined;

V1.00 http://www.injoinic.com/ 16 /19 Copyright © 2024, Injoinic Corp.
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17 Package

/

O
|
[
T
V’J

A C‘I ‘}
WITH PLATING
SECTION B-B

—
BASE METAL (|

MILLIMETER
SYMBOL
MIN | NOM | MAX
A 1.75
Al 010 0225
A2 1.30 1.40 1.50
A3 0.60 0.65 0.70
/N b 0.39 o 047
A bl 038 0.4] 0.44
I\ ¢ 0.20 024
cl 0.19 | 020 | 021
/N D 480 | 490 | 5.00
E 5.80 6.00 6.20
| El 380 | 390 | 4,00
¢ 1.27BSC
h 0.25 0.50
L 0.50 0.80
LI 1.0SREF
() 0 8
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18 Silk Screen Information

(1) 1P6535L
XXXXXXXX
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. ® ——INJOINIC logo

2. 1P6535L ——Product model

3. XXXXXXXX ——Production lot number
41.@ —PIN1

IP6535L Silk screen instructions

19 Photos of Physical Objects
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IMPORTANT NOTICE

INJOINIC TECHNOLOGY and its subsidiaries reserve the right to make corrections, enhancements,
improvements and other changes to its semiconductor products and services. Buyers should obtain the
latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to
INJOINIC TECHNOLOGY's terms and conditions of sale supplied at the time of order acknowledgment.

INJOINIC TECHNOLOGY assumes no liability for applications assistance or the design of Buyers'
products. Buyers are responsible for their products and applications using INJOINIC TECHNOLOGY's
components. To minimize the risks associated with Buyers' products and applications, Buyers should
provide adequate design and operating safeguards.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory
and safety-related requirements concerning its products, and any use of INJOINIC TECHNOLOGY's
components in its applications, notwithstanding any applications-related information or support that may
be provided by INJOINIC TECHNOLOGY. Buyer represents and agrees that it has all the necessary
expertise to create and implement safeguards which anticipate dangerous consequences of failures,
monitor failures and their consequences, lessen the likelihood of failures that might cause harm and take
appropriate remedial actions. Buyer will fully indemnify INJOINIC TECHNOLOGY and its representatives
against any damages arising out of the use of any INJOINIC TECHNOLOGY's components in
safety-critical applications.

Reproduction of significant portions of INJOINIC TECHNOLOGY's information in INJOINIC
TECHNOLOGY's data books or data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. INJOINIC TECHNOLOGY
is not responsible or liable for such altered documentation. Information of third parties may be subject to
additional restrictions.

INJOINIC TECHNOLOGY will update this document from time to time. The actual parameters of the
product may vary due to different models or other items. This document voids all express and any implied
warranties.

Resale of INJOINIC TECHNOLOGY's components or services with statements different from or
beyond the parameters stated by INJOINIC TECHNOLOGY for that component or service voids all
express and any implied warranties for the associated INJOINIC TECHNOLOGY's component or service
and is an unfair and deceptive business practice. INJOINIC TECHNOLOGY is not responsible or liable for
any such statements.
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