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RTKA489300DEO000OBU

High-Efficiency 3-Level Voltage Regulator Evaluation Board

Description

The RAA489300 is a 3-level buck voltage regulator
that provides voltage regulation and protection,
offering a wide range of adjustable output voltages. It
delivers higher efficiency and significantly reduces
inductor size compared to 2-level designs at the same
power level. Additionally, the advanced Renesas
R3™ technology ensures fast transient response and
smooth transitions between DCM and CCM modes.

The RTKA489300DEO00OBU safely converts input
power from a wide DC range of up to 57.6V (for
example, from an AC/DC adapter or USB EPR PD
port) to a regulated voltage, covering both USB SPR
PPS and USB EPR AVS with a maximum output of
48V.

The RTKA489300DEO000OBU includes various
system operation functions such as the Forward PTM,
Low Power PTM, Reverse PTM, and adjustable
output voltage. It also has programmable switching
frequency, and a power-good indicator. The
protection functionalities include OCP, OVP, UVP, and
OTP.

The RTKA489300DEO00OBU has serial
communication through SMBus/I2C that allows
programming of many critical parameters to deliver a
customized solution. These programming parameters
include but are not limited to output current limit, input
current limit, and output voltage setting.

Features
= Single inductor 3-level buck

= Proprietary modulator for flying capacitor balancing
and smooth mode transition

= EXT5V pin to generate 5V or 10V gate drive
voltage through internal charge pump

= Pass through mode (PTM) in both directions
= Support pre-biased output with soft-start
= Input and output current monitor

= MOSFET drivers with adaptive shoot-through
protection

= Complete protection: OCP, OVP, UVP, and OTP
» SMBus and I2C compatible

Specifications

= Wide input voltage range: 4.5V to 57.6V

= Wide output voltage range: 3V to 48V

= Programmable switching frequency: up to 400kHz
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Figure 1. Typical 3-Level Application Circuit — with Isolation FET at Input
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1. Software Installation Guide

The RAA489300 HID 12C Control Tool communicates with the RAA489300 controller through the HID USB-12C
interface board (ISLUSBADAPT-EVZ). The graphical user interface (GUI) facilitates access to the RAA489300
registers.

The following section describes how to install, start, and use the GUI software.

1.1 Required Hardware

» RTKA489300DE00000BU RAA489300 Evaluation Board
» HID USB-I2C interface board (ISLUSBADAPT-EVZ)

» USB 2.0 A/B cable

1.2 Required Software
The software Installation Wizard package includes the following two components:

= RAA489300 HID I2C Control Tool
= National Instruments Runtime VISA Engine

1.3 GUI Installation

Both the RAA489300 Control Software and the National Instruments Runtime Engine are installed automatically
from the installation wizard.

Note: Renesas recommends closing all other applications before this installation and to reboot the computer when
the installation is completed.

1. Extract the zip file to the local drive and not the network drive. Network security can prohibit the .inf file from
being copied to the network.

2. Run AutoRun.exe. An installation menu appears (see Figure 4).

AutoRun CD Menu

RAA483300 HIDUSE to 12C Control Tool Installation Menu

Install RA&433300 HIDUSE to 12C Control Tool

Dpen RAAIEII00 Software Installation Guide
Open the readme file
Browse the CD {Explorer)

Close Menu

Figure 4. Installation Menu

3. Click Install RAA489300 USBHID Control Tool and the Destination Directory dialog box appears (see
Figure 5).
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Y RAA429300 HID USB to 12C Control Tool Rev?

Destination Directory
Select the installation directories.

Al saftware will be installed in the following locations. To install software into a
different location, click the Browse button and select another dirsctary.

Directory for R&&489300 HID USB to 12C Control Tool Rex?
‘c \Program Fiies (xB6]\RAA485300\ |

Directory for Mational Instruments products
‘C \Program Files (x86)\National Instruments* |

Browse..

Browse..

<4 Back

Lancel

Figure 5. Destination Directory

4. Click Next to continue with the selected directory.
5. To complete the software installation, follow the instructions to accept two End User License Agreements.

6. Click Close Menu from the installation wizard after the installation is complete.

2. Using the GUI

To use the evaluation system, the RAA489300 USBHID to 12C Control Tool Software must first be installed.

= Do not connect the evaluation board to the USB port until installation is completed.
= The RAA489300 evaluation board must be set up before using the graphical user interface (GUI).

21 Setting a USB Connection with the Hardware
This section describes how to setup RAA489300 EVB with USBHID 12C Interface board to communicate with GUI.

1. Connect USB-HID I12C interface board to USB port on the computer using USB A/B cable.
2. Connect SCL, SDA, GND of interface board to the evaluation board, respectively.

3. Provide 5V to 5V_EXT on the EVB.

R16UZ0113EU0100 Rev.1.00
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2.2 Getting Started

1. Select Microsoft Start > All Programs > Renesas > RAA489300 USBHID-12C Control Tool.
The GUI appears (see Figure 6).

| USBHID- 12€ £ Reset | @Yooy
RAA489300 RENESAS Llcommunicaton B uss
Test Regi ion Hex<->Binary
DAC Registers | Control 0811 | Control 283 | Control4 | Control 586 | Information 1 &2 ion3&4 | GenericWriteRead | ADC | Sequence W/R

Choose 12C Address

=|x94h

— Input Current Limit I REG 3F— — Output Voltage B————————— REG 15—

S Write ] B js "E Write !
] Read r]m L <15:3> ’ﬂ__;‘ \ Read W‘ L
— VINOK Reference I REG 40— — Reverse PTM Voltage Limit B— REG 49—
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DevicelD - REG FF  Read | [irrer || M e
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@ 2023 Renesas Electronics America Inc.
All rights reserved, SW Rev HIDF3 CT122023

Figure 6. RAA489300 Graphical Interface

2. Check the status of the USB HID-12C Communication at the top-right of the GUI. If the communication is OK,
the USB HID-12C Communication status shows a green checkmark (see Figure 6).

= Agreen LED turns on in the HID USB-I2C interface board when communication between the computer and
the HID USB-I2C interface board is established (see Figure 7).

000000000000

0—.» ‘V.m'a-‘:..n
-

Figure 7. HID USB-I2C Interface Board
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If the status in the GUI shows a red crossing mark, it indicates that the computer cannot establish the connection.

The following describes two communication issues:
= Issue 1 — Computer to HID USB-I2C Interface Board Communication

When there is communication failure between the computer and HID USB-12C interface board, a GUl message
appears (see Figure 8), and on the HID USB-I2C interface board, a green LED turns off.

—

R X

Failed to Establish [2C Communication.
Please Reconnect the Cable from USE Port on 12C Dongle then Press OK

Figure 8. Failed to Establish Message

To troubleshoot, follow these steps:

1. When the Failed to Establish message appears, reconnect the USB connection.
2. Click the OK button.

3. The green LED is on when the interface board is connected to the computer.

4. Read any register to check the communication.

= |ssue 2 — HID USB-I2C Interface Board to EVB Communication

When there is a communication issue between the HID USB-I12C interface board and the EVB, the following
message appears.

B X

Mo Acknolwedge Detected: Please
Check the Cennection between [2C
Dongle and Eval Board. Press Reset

Cancel

Figure 9. Failed to Establish Message

Note: A green LED in the interface board can remain on when communication is established between the
computer and the HID USB-I2C interface board.

To troubleshoot, follow these steps:

1. When the message above appears, reconnect SDA, SCL, and GND to the EVB.
2. Click the OK button.

3. Read any register to check communication.

Note: If the problem continues, power off and on the evaluation board and reconnect the USB to the interface
board.

R16UZ0113EU0100 Rev.1.00 RENESAS Page 8
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3. Functional Description

The RTKA489300DEO0O0OOBU provides all the circuits required to evaluate the features of the RAA489300. Many
of the features of the RAA489300, such as a 3-level buck and conventional 2-level buck, PTM in both directions,
input and output current monitoring, and pre-biased output with soft-start are available on this evaluation board.

3.1 Recommended Equipment

= Power supply capable of up to 57.6V and at least 6A source current
= Electronic load capable of sinking current up to 12A

= Digital Multimeters (DMMs)

= 100MHz quad-trace oscilloscope

3.2 Setup and Configuration

The default topology, address, operation, and input current limit are set by R43 that is tied to the PROG pin. The
PROG Pin Programming Options table in the RAA489300 Datasheet shows the programming options. These
values can also be changed through the SMBus control registers in the Renesas GUI (see Figure 10).

The two LEDs indicate the PGOOD and INT/CMOut status, respectively. For more details about the functions of
these two pins, refer to the RAA489300 Datasheet. Figure 10 shows the top view of the evaluation board and
highlights the key testing points and connection terminals. For more information about the RAA489300, including
other modes of operation, refer to the RAA489300 Datasheet.

P3 TP1 TP2 — scL

V|N Positive (+)

(}'*i iu 2
RENESAS &)

V\n Negative (-)

Figure 10. RTKA489300DE0000BU Board Connection Guideline

3.21 Check Jumpers and 12C/SMBus Connection

The RAA489300 can be powered either by an internal LDO or using an external 5V input. The
RTKA489300DEO000BU board has 3 jumpers so that the user can select whether to use the internal LDO or
external 5V power supply. Figure 11 shows the locations of the jumpers related to the selection of driving power
for the RAA489300 on the RTKA489300DEO000BU board. The RTKA489300DEO000BU board is equipped with a

R16UZ0113EU0100 Rev.1.00 RENESAS Page 9
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buck converter to generate external 5V voltage (EXT5V) from the input voltage through J1A and J1B (GND). JP6
is a jumper that selects whether to receive the input of the buck converter to generate EXT5V from J1A and
J1B(GND) or from TP61. By default, pin 1 (VIN) and pin 2 are connected, and J1A and J1B are used as inputs of
the buck converter. JP3 is a jumper that sets whether to use the 5V generated by the buck converter or the 5V of
the USB input as the EXT5V of the RAA489300. JP7 is a jumper that can select whether to directly receive 5V
from TP1 and TP2 or use 5V generated from a buck converter. Review these two examples on the use of EXT5V:
= Example 1 — In the case of receiving 5V of driving power from the RAA489300 through an external power
supply, pin 2 and pin 3 (5V_EXT) of JP7 must be connected.
= Example 2 — When using the internal LDO of RAA489300 without using EXT5V, leave all pins of JP6
unconnected, or the 5V power is not supplied from the external power supply while pin 2 and pin 3 (5V_EXT) of
JP7 are connected.

See Figure 11 for a detailed description of the RAA489300 driving power according to each jumper connection.

Onboard LDO
reference set to 3.3V
Onboard LDO
reference set to 1.8V

* Connect 3V3 LDO to
USB 5V from J3

Connect 3V3 LDO to
onboard 5V buck
output.

Short these to power
the onboard 5V buck
from HV-EXT test

points (TP61)

HV_EXT
-

VIN_IC
i «
VIN_J12

- -
JP6
Short these to power

the onboard 5V buck
from Vin

(5

* Disconnect JP6 for
efficiency measurement

L

04BOOT  SV_EXT
TPS50

V_PULLU?
VoD_IC

3va_puLLup|

Connect pull up to VDD
from RAA489300 (U5)

Connect EXT5V pin to
5V_AUX (output of
onboard 5V buck reg)

Connect/disconnect
LED 3V3 supply.
. JP2:
Connect/disconnect
3V3 pullup.

* Connect EXT5V pin to
5V_EXT test point(TP1)

* Connect pull up to
3V3_pullup from LDO

Note: The asterisk (*) marks the
configuration to follow for the efficiency test.

Figure 11. Jumper Configuration Guide

3.2.2 Apply Input Voltage and Setup

Complete the following steps for the startup. The register settings of the RAA489300 can be changed using the
RAA489300 GUI software. A brief description of the RAA489300 GUI software can be found in Using the GUI.

1. Ifdriving the RAA489300 using 5V of an external power supply, supply 5V of the external power supply through
TP1 and TP2 with the main power of the 3-Level Buck converter. Set the current limit of the power supply for
5V of an external power supply to 300mA.

2. Before enabling switching, the control registers must be set up as follows:
a. Control4 (0x4E) Bit[5:7] = b111 — Set the Low Side ZCD Filter bandwidth to 3.2MHz.
b. Control4 (0x4E) Bit[8:9] = b01 — Set the low voltage range phase comparator blanking time to 80ns.

R16UZ0113EU0100 Rev.1.00 RENESAS Page 10
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3. After confirming that the current limit of the power supply that provides main power is sufficient, main power is
supplied through J1A and J1B (GND) with no load. Ensure the main input voltage does not exceed 57.6V.

4. Check the VgL y voltage is close to half the input voltage.

5. Setthe output voltage using the output voltage register (0x15) to a value lower than the input voltage. Because
the default absolute OV threshold for the output voltage (Control1 Bits[3:2]) is 24V, Renesas recommends
setting the output voltage below 24V.

6. In a no-load condition, set Control0 (0x39) Bit[0] to 1 to enable switching. The default pre-charge wait time is
set to 200ms. If switching is activated while there is a load, it might not transition to the switching state because
of the short-circuit detection feature on the output side of the RAA489300.

7. If the input voltage requires a change at no load or at a low load (20mA or less), Renesas recommends that
the input voltage change slew rate is lower than 1mV/usec. Change the input voltage under load.

3.23 Apply Load

When driving the RAA489300 with an internal LDO, the maximum output should be less than 50W. If setting the
output voltage above 23V, change the absolute overvoltage threshold setting for the output voltage in Control1
Bits[2:3] to above 23V. Before applying the load, set the input current limit (0x3F) and the output current limit
(0x14). The default value for the input current limit is 0.476A, and the default value for the output current limit is
1.504A.

3.2.4 Entering Forward PTM

Complete the following steps to enter Pass-Through Mode:

1. Set the Forward/Reverse Operation bit to Forward (Control0 Bit[2] = 0)

2. Set the Low Power PTM mode bit to disable (Control2 Bit[12] = 0)

3. Setthe PGOOD Window bits to 20% (Control2 Bits[9:8] = b11)

4. Set the Output Voltage register(0x15) to the value obtained from Equation 1.

(EQ. 1) OutputVoltage = InputVoltage x Input Voltage Tolerance Ratio — 0.5V

5. Set the Enable PTM bit to enable (Control1 Bit[1] = 1) to enter the Forward PTM mode.

3.2.5 Exiting Forward PTM

Complete the following steps to exit Pass-Through Mode:

Set the Relative Output OV Protection to disable (Control5 Bit[8] = 1).

Set the CFLY UV/OV Fault to disable (Control5 Bit[11] = 1).

Set the CFLY Pre-Charge Function to enable (Control2 Bit[7] = 1).

Set the CSOP Discharge bit to enable (Control2 Bit[14] = 1).

5. Set the Enable PTM bit to disable (Control1 Bit[1] = 0) to exit the Forward PTM mode.

3.2.6 ADC Register

RAA489300 provides four ADC registers. Table 1 shows the ADC register information that the RAA489300
provides. When a 5mQ sense resistor is used with the RAA489300, the ADC output current measurements value
is clamped at 11.32A.

o N~
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Table 1. RAA489300 ADC Channel Overview

Channel Register Address LSB Sensing resistor Valid Bits Maximum Value
Input Voltage (V) 0x83 0.192v - [7:0] 48.96 V
Output Voltage (V) 0x85 0.192v - [7:0] 48.96V
Input Current (A) 0x86 22.2mA 10mQ [7:0] 5.661A
Output Current (A) 0x87 44 4 mA 5mQ [7:0] 11.322A
3.2.7 Setting for Lowest Bias Current Consumption

To achieve the lowest bias current in Sleep state, Bit[7] of the Control2 register can be set to 1. This bit disables
the CFLY Pre-Charge Function. Set this bit to 0 again before sending the command to exit sleep state.

4. Board Design

Figure 12. RTKA489300DE0000BU Evaluation Board (Top)
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Figure 13. RTKA489300DE0000BU Evaluation Board (Bottom)

4.1 Layout Guidelines
Layout example of RAA489300 and the power stage:

Input Capacitors

ses e iiaae
see s e 0 g0
LI R S

Flying Capacitor

®
[ ]
L ]
LT N S
..co..so..

Power MOSFETs

Inducto

*esssssnsee *°
Je8 80 e80T 08 S0
s esss s e o,
® 00 s 80l e se *8
s sees s e

Output Capacitors esee e
900000 OGOEOEOO0O0

Output Current Sense

Top side Bottom side

Figure 14. Example Layout of the RAA48900

An an example layout of the power stage components along with the IC is shown in Figure 14. The input, flying,
and the output capacitors are split on both layers and are placed in a super-imposed fashion. The example layout
shows a 6-layer PCB design with the following stack-up as shown in Table 2.
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Table 2. Layer Stack-up of the Example PCB Layout

Layer Stack
Top Layer Components + Power planes + Signal Routing
Layer 2 Gnd Planes only
Layer 3 Signal Routing
Layer 4 Power Planes
Layer 5 GND Planes only
Bottom Layer Components + Power planes + Signal Routing
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Figure 15. Top Side (left) and Bottom Side (right) of the Example Layout

The two main commutation loops that must be minimized are highlighted in the example power stage layout in
Figure 15.

= Loop 1 encompasses the input capacitors, the highest side MOSFET (Q4), the flying capacitor, and the lowest
side MOSFET (Q1). The impedance on this loop can be minimized by arranging the components in Figure 15.
The impedance can further be lowered by placing low ESR and ESL capacitors close to the drain terminal of Q4
and the source terminal of Q1.

= Loop 2 consists of the flying capacitors, Q3 MOSFET, and Q2 MOSFET. This loop can be minimized when
arranged as shown in Figure 15. Generous use of stitching vias is recommended along with power planes when
connecting the flying capacitors to the MOSFETSs.

Renesas recommends routing the corresponding gate and source traces from the IC to the MOSFETSs close to
each other and in the same layer as shown in Figure 16 from the example layout. In this example, the gate and
source traces are routed in Layer 4 of the PCB.
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Figure 16. Gate and Source Traces from the IC to the FETs

411 General Guidelines for Routing the Traces to Current-Sense Resistors:

The CSIP and CSIN pins connect to the input current sense resistor along with he CSOP and CSON pins
connecting to the output current sense resistor. The traces from the pins to the respective resistors must be routed
in a parallel fashion to minimize any offset voltage resulting from input bias currents to the current sense
amplifiers.

As a general rule of thumb, route the current-sensing traces through vias to connect the center of the pads, or
route the traces into the pads from the inside of the current-sensing resistor. Figure 17 shows the two preferred
ways of routing current-sensing traces.

Current-Sensing Traces Current-Sensing Traces

Figure 17. Recommended Routing Style for the Current Sense Traces from the Resistor Placed On:
The Other Side as Controller (Left), the Same Side as Controller (Right)

Table 3. Pin-wise Layout Recommendations

Pin

Number Pin Name Guidelines

When an isolation FET is used in the application, the trace connecting the IGATE pin to the gate terminal of
1 IGATE the isolation FET must be routed parallel to the trace connecting the ISRC pin to the source of the isolation
FET. When the Isolation FET is not used, leave this pin floating.

When an isolation FET is used in the application, the trace connecting the IGATE pin to the gate terminal of
2 ISRC the isolation FET must be routed parallel to the trace connecting the ISRC pin to the source of the isolation
FET. When the Isolation FET is not used, connect ISRC to GND or VDD.

R16UZ0113EU0100 Rev.1.00 RENESAS Page 15
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Table 3. Pin-wise Layout Recommendations (Cont.)

Pin
Number

Pin Name

Guidelines

3

Q4BOOT

Connect the bootstrap supply capacitor as close as possible to the Q4Boot and Q4 Source pins. Avoid routing
any analog signals near this trace and use sufficiently wide traces to make connections from this pin.

Q4GATE

The trace connecting this pin to the gate terminal of the Q4 MOSFET must be routed in parallel to the trace
connecting the Q4SRC pin to the source terminal of the Q4 MOSFET. The traces must be sufficiently wide
and as short as possible. Avoid routing any analog signals near this pin.

Q4SRC

The trace connecting the Q4SRC pin to the source terminal of the Q4 MOSFET must be routed in parallel to
the trace connecting the Q4Gate pin to the gate terminal. The traces must be sufficiently wide and as short
as possible. Avoid routing any analog signals near this pin.

This trace must also be routed in parallel to the trace connecting the CSIN pin and the current sense resistor
as they form the inputs to the high-side phase comparator. It must also be ensured that this pin is directly
connected to the Source pin of the MOSFET and not through a copper plane.

Q3BOOT

Connect the bootstrap supply capacitor as close as possible to the Q3BOOT and Q3SOURCE pins. Avoid
routing any analog signals near this trace and use sufficiently wide traces to make connections from this pin.

Q3GATE

The trace connecting this pin to the gate terminal of the Q3 MOSFET must be routed in parallel to the trace
connecting the Q3SRC pin to the source terminal of the Q3 MOSFET. The traces must be sufficiently wide
and as short as possible. Avoid routing any analog signals near this pin.

Q3SOURCE

The trace connecting the Q3SRC pin to the source terminal of the Q3 MOSFET must be routed in parallel to
the trace connecting the Q3Gate pin to its gate terminal. The traces must be sufficiently wide and as short as
possible. Avoid routing any analog signals near this pin.

It must also be ensured that this pin is directly connected to the Source pin of the MOSFET and not through
a copper plane.

PROG

This pin must be connected to a resistor based on the desired programming option. The resistor can be
placed in general proximity to the IC.

10

Q2BOOT

Connect the bootstrap supply capacitor as close as possible to the Q2BOOT and Q2SOURCE pins. Avoid
routing any analog signals near this trace and use sufficiently wide traces to make connections from this pin.

1

Q2GATE

The trace connecting this pin to the gate terminal of the Q2 MOSFET must be routed in parallel to the trace
connecting the Q2SRC pin to the source terminal of the Q2 MOSFET. The traces must be sufficiently wide
and as short as possible. Avoid routing any analog signals near this pin.

12

Q2SOURCE

The trace connecting the Q2SRC pin to the source terminal of the Q2 MOSFET must be routed in parallel to
the trace connecting the Q2GATE pin to its gate terminal. The traces must be sufficiently wide and as short
as possible. Avoid routing any analog signals near this pin.

It must also be ensured that this pin is directly connected to the source pin of the MOSFET and not through a
copper plane.

13

VDDP

This pin must be connected to a decoupling capacitor placed close to the IC. The capacitor must have a
seamless and low-impedance connection in the form of a PCB via to the GND exposed pad of the IC.

14

Q1GATE

The trace connecting this pin to the gate terminal of the Q1 MOSFET. The trace must be sufficiently wide and
as short as possible. Avoid routing any analog signals near this pin. Ensure a continuous connection to GND
parallel to this trace that connects to the source terminal of Q1 MOSFET.

15

GND

This pin must be connected to the ground copper plane with low impedance. Renesas recommends using
four to five vias to connect to ground planes in the PCB to ensure sufficient thermal dissipation directly under
the IC.

16

EN/CMIN

This pin is an input signal and is recommended to be connected to a pull-down resistor placed close to
the IC.

17

QPCN

18

QPCP

The pins interface an external capacitor to the internal charge pump (QP).
QPCN and QPCP are to be connected to an external capacitor which is placed close to the IC. The traces
must be routed parallel to each other as the currents flowing through them are differential in nature.

19

EXTSV

20

VDD

Connect a decoupling capacitor to this pin. The decoupling capacitor must be placed close to the IC. The
capacitor must have a seamless and low-impedance connection in the form of a PCB via to the GND
exposed pad of the IC.

21

VIN

Connect an RC filter to this pin from the applied input voltage source terminal. The VIN pin must be
connected to the DRAIN terminal of the Isolation MOSFET when used on the input side. The decoupling
capacitor must be placed close to the IC. The capacitor must have a seamless and low-impedance
connection in the form of a PCB via to the GND exposed pad of the IC.

22

VCOMP

Connect the compensation components in general proximity to the IC. Ensure no digital or switching signals
are routed close to these components or traces connecting them.

R16UZ0113EU0100 Rev.1.00 RENESAS Page 16
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Table 3. Pin-wise Layout Recommendations (Cont.)

Pin Pin Name Guidelines
Number
Connect an RC filter to this pin. The filter components must be placed in close proximity to the IC. This pin
23 IMON .
can be left floating when not used.
24 INT#CMOUT# Connect a pull-up resistor placed in general proximity to the IC. This pin can be left floating when not used.
25 SCL
26 SDA Connect a pull-up resistor placed in general proximity to the IC.
27 PGOOD
This pin must be connected to the ground copper plane with low impedance. Renesas recommends to use
28 GND four to five vias to connect to ground planes in the PCB to ensure sufficient thermal dissipation directly under
the IC.
The trace connecting the CSOP pin to the current sense resistor must be routed differentially to the trace
29 CSOP connecting the CSON pin to the resistor. Connect a differential capacitor between the pins in close proximity
to the IC.
The trace connecting the CSOP pin to the current sense resistor must be routed differentially to the trace
30 CSON connecting the CSON pin to the resistor. Connect a differential capacitor between the pins in close proximity
to the IC. Additionally, connect a RC filter between this pin and the current sense resistor that in placed in
close proximity to the IC.
The trace connecting the CSIP pin to the current sense resistor must be routed differentially to the trace
31 csIP connecting the CSIN pin to the resistor. Connect a differential capacitor between the pins in close proximity
to the IC. Additionally, connect a RC filter between this pin and the current sense resistor that in placed in
close proximity to the IC.
The trace connecting the CSIP pin to the current sense resistor must be routed differentially to the trace
32 CSIN connecting the CSIN pin to the resistor. Connect a differential capacitor between the pins in close proximity
to the IC.
R16UZ0113EU0100 Rev.1.00 RENESAS Page 17
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4.2

Schematic Diagrams

5 c
i Short  SHg  SHORT SHg SHORT Use RSIC and RSID Important Notes:
2 2 1 For optimal PHC operation 1. All Rs and Cs are 0603 Package unless specified expllcltly
TP4 " - 10m P9 2. To operate in 2 FET buck mode, short the pads F and G
TP3 470nH o 1206 P10 & populate the resistors R118, R119 R120.
Bemm x 6.47mm 1R 5 RS 3. Populate any one FETs between Q6x Q7x Q8x and Q9x
u uf B ¢ a1 and short the pads across unconnected FETs. Populate the
B E appropriate resistor for the Gate and SRC
S 4 i 1 R J&d Eftective © i
e o Ligmae v 0g0: 1 Scommende: ective Capacitance
D1 \li\ Ty 1 N Example Recommended
ES rea RefD
PESMBE2A 0805  sHORT 10 12 —
I Input c9:C16 10uF (@ 48V)
B Qs an ci8 i np
i u
8 1 1 8 it output 36:038 (MLCO) 200F (@ 48V)
i1 Lil 10y s e 2 Tl ;
-l =1 8 o3V
Flying Capacitance | C26:C31 4.7uF - 10uF (€ 24V)
s 3333 DN NP 3534 st
5 IGATE_IN  1pa2 Bon 85 Tye, s cs2:050 200nF (& 10V)
lisRe N 1pag csip 1
CSIN 1c VDD Pin#l3 73 200nF (€ 10V)
B 15
n
oo S ][ sc vop sin20 o
Eu| i ) B
00n
oo Rd6 pam sl 4
U P83 TP82 Qicate O Qscate 14| | 1SZ0702NLS P —
i 3333 L Pin #17-#18 css 200nF (& 5V)
TP43 )
124 & P11 L2G
[T oie 5 2 16 0
Q4SRC P16 g CSON in #19 o
Sio-866I6mm  Size - 866Emm csop
P17 g CSOP_
= rs 5’6‘?[@‘ 220
4 g P50 1 poy Q3SRC e ~~~r__CSOP_1
v RS0 TP63 © ME QdBoot ® TP 5 | \OsaznmzNLs L ca9
Q4Boot @ Q3Gate 1 %-DNP | — ’j
T 2 i " Q3Gate sle { 4 r e X ot o @
2 68 if Toov
|Q48oot 1 Ris2 24 v L 10v T Qsa
R51 4 @ TP4T 0 1 = R 470 2 R7
A o e el b : :
Pt
1 L RAA489300 T DNP for 2FET Mode T Bs2 el
& O 22 Q4SRC 5]
™ comp o st e . s s
Rad oot @ 12a is used for N8 applications.
22k R10 c22d (ceel [c28 3L Q3SRC 12b is used for Dock applications. SO 1 CSON. 56 DNP
o L L5 Bt A Lo
a7 kol BT—HS‘"/ Q3Gate C52 ed (ce [c2d (o1 12 1 DNP ISRC_Out o Tpy)
IMON 3300 FI T F T TP13 224 34, [o4e 0805
Ton 1 TV oiNp 29 (cog cloa  “Hs [ Tom  cag.
c78 ON_1 23 8 T | 74439358002 T T T =
1 7 IMON Q3SRC 1 oot x Size = 8 566 mm o o o D2
1k 00ty TP52 [10u 35 47 84 PESMB62A
:L Q2Boat © Eggs i 131) Che o125 o g | B g Ay s BSHEE;
T 4 ‘ | CasenIZ] [ g 3
P40 |Q2Boot 1 e g4 5| X bhe Bie | Ot Lel] SJRANGES
Prog 1 Q2Gate Q2Gate_1 Y i 12x 63V ooy oo TLsAAs T oy
INTHCMOURY | |\ r/c10, Q2Gate et -219) [1ooy 10u Case D 805 D fe ol
soL o5 | HOMOUE | 330 TP49 R131 805 100V 150 3333 DN 33x3.3 DN
R43 scL b TiV[® Qosac O B 1210 6 o
6.49 —9A__0 1564 Q2SRC sHs é 4; & 4) , 5 57
Faeod 271 poog P25 DREfor SFET Mod —ONF : 2=y v N
13 vooP "R L o ode 1 F TP81 TP8O TP78 TP77  TPS6 TP79
= GSIN 32 VDDP ®© Q2SRC_1 Default: Open SHORT
— 82{& TPS3 549 > DeiauLg: Short
14
CSON 30 oo Qicate Q1Gate
R121
P54 @ IGATE 1 o B Q3sRC
628 §—mhe—= Iomy | s The output capacitors are preliminary,
1§ o 5[67]g Q4sRC Q2SRC_1 s r
H z VDDP_1 ————fo— The number of capacitors will be further
© w © O optimized in the next revision.
B & e R 09
8 b =
B 76V Qcate 14| | & SSIENGMIH
& DIODE_DO-219A8 P10
i 23 o CPl o S
1 D19 GFF Page Connectors: OGEputs
S 1S70702NLS & SSIENG-MIH
FF Page Connectors: Inputd 3,833 DIODE_DO-219AB P11 ENCMIN >
| CSON_1 ‘“f
EXTSV ‘ > Vin
VT‘
EXTSV < D v
| xtern: i r i fout
soAcSDA External Schottky diode for Boot caps oOptional e S o
5 06 o7 0 Igate Connection Note: B —
SCL VDDP_1 1 VDD IGATE_IN =
SCL& VDDP_1 Q2Boot 1 g Q3Boot 1 o Q4Boot 1 3 Q2Boot 1 :
JODP 1 Q2Bool 1y Q3Bool 1 gy QéBool 1 o1, 155 can be T Resistor Config
| 3 Ri16 e 06a/06b RI5 + R17 IMON_1
3V3_LED & RBS30CM-40T2R BAS40-04-E3-08 DNP' IGATE_OUT Q7a/Q70 R1S + R17
V3_PullUp & BNP 0 ’f‘;/i‘;‘;ﬂ;md 08a/08b R16 + RI8 INT#/CMOut
g 9a/09b RL6 + RLS PGood
ENCMIN o
SDA
2 FET Mode: Optional fhen Toate i not comnected, do nde
To Operate in 2 FET Mode make the below Connections: R45 VDD can be leave ISRC floati
1. Short D6 and D7 (Short pins 3 and 4 if using D4) (Boot2, Boot3 and Bootd) % by
2. short R10, C52, R12, C54. (02 and Q3 Boot to Source) DNP VDDP externally, Connect to WDDP or GND
3. Short C22, C23, C26:C31. (Flying Capacitors) vooP vop L2 reosterne through R112 and R113.
4. Short 02 and Q3 using shorting pads F and G —DOF Y00

Figure 18. Schematics (1 of 3)
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48V Selector: B
Vin
5V Selector:
cs6 LDO output
vio iatd Selector:
6 SfVn esTH— 115
" 47uH
o ow |8 JE N § SVAUX g 1pog
A25
0 4 RAA211605 3 un
cso J R o - ST10FP 7<%
220 TP28 TP30 3v3_vee
it R26 ? = 0 [ [ 10 1
Tre1 g HY_EXT 28, - i 9 ™ vout |
P2 0 i 120 VIN vout P BV LED . 1pa
3
Q}j B9 &ne  sensempy R0 oo 23 Pl o ey
= = = = 7| ENABLE pa [ 562k r
5v_USB 6 lgs GND -2 67
11 ES
EP Ty
g e P27 o1 gl Go5 ibv
v 1SL80101IRAJZ U9 N P8 Rit4
1k 2.5
+ & P60
Jumper (JP6) position selects if - - -
Byt to the onboard buck Jumper (723) position selects Jumper (3p8) position
is connected to: if input to the 3V3/1V8 LoO Selects if the 100
1) Vin: The input to the 3-Level Buck is connected to output will
converter. 1) SV_AUX: The outout of thi 1) 3v3: If R31 is
2) HV_EXT: Output of Test points onbard 5V Buck connected.
P61 and TP62 (Gnd) 2) 5V_UsB: 5V Output from USH. 2) 5v_UsB: 1f Rild is
connected
5V_AUX
3V3_Pullup Yoo 313 LED
9 EXTSV
A9 7
230 [
Rol ez Ry R S
x 70
3v3_Pully 0K lwov LEDT LED3
5973311407NF 5973311407NF
SDA & P39 N 1 5V_EXT
CL & TP = N g TP29
7 P2
INTH/CMOUt 5 INTHOMOUL 1y pgs @ g
PGood 5 PGood 1 g e Inreioou 11 {19 ) - Lges
b 8 g 6V
c8s € paood n fi9
= ONP 8 ‘hj Qo
3300 SE
OFF Page Connectors: Inputs - -4
Kov Uss EN switch Digital Pin Pull-Ups outputs EXT 5V Selector:
vin Jumper (87) position select if EXTSV is
VDD t connected to:
1) S5V_AUX: Output of onboard 5V buck.
vout 2) SV_EXT: Output of 5V from the TP1 and TP2
GND>>1
EncMN H>—ENCUN
IMON_1 > MO
- " 5V_UsB
INTEICMOut Y—T#CMOUt -
PGoog H»—Lo0d crar
spa»—SDA Rom i OFF Page Connectors: Outputs
scL
SCL »—=—— |
EXTSV enjcuin 3>
htzs U1a @ KEXTSV |
2 |
A ve |1 encwin BuF SDA |
ENCUIN R na OUTA S T@.m
R136 i
i grosl | MONT_ o Sng IMON_BUF s |
USB Mini  USB_SV [AIE outs & P86
3.37 to 6V &lne V2 3v3 LED |
| s SR Fizb <avalep |
| ADB542ARZ | RI25 3V3_Pullp |
(v 48V input) vin | IS | § S Py |
External Aux  HV_EXT

voltage input
(Upto 60V )

Auxillary 5V connector
5

V_EXT

Default:
JP3 in position B
JB7 in Position A

Optional Amplifiers for Test Purposes.

Jp3 in Position A
Jp7 in Position B

Figure 19. Schematics (2 of 3)
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VnUsB  De
1 N2
¢
Vin_USB. ONP
S
J—ano e 14l 2%
use o 4 21
D+ C8051F320 P15
Usa_ow s 2
0- DNP P16 20x
W Evop P17 o
7l neany poo 8
oo oot 8iveusS § P21 7
pe e C8renson
oo o2 N " T geagagayg
ot N FEEEEED
ccz i s e e e e
L N SRR EEEE
: ® i
ano
USB Type C Power g?i gﬁ‘i
o %y
oNF B\e

Type C Power interface (Input)

Vout_USB

Vou_UsB NP

Voul_UsB

P74 gy CC2 OUT
Tp73 @ CC1_OUT

£33

o290

Type C Power interface (Output)

ccz
vBUS. =

GND

USB Type C Power

-
€

o, A T
USB mini B Connect tor (DNP) ws@f
Figure 20. Schematics (3 of 3)
4.3 Bill of Materials
Reference L. Manufacturer
Qty Designator Description Manufacturer Part Number
1 CN5 CONN RCPT 4POS 0.1 TIN EDGE MNT Molex 38001334
1 CN6 CONN HEADER R/A 20POS 1.27mm Harwin Inc. M50-3901042
C1, C3, C4,C5, C6,
C13, C14, C15, C16,
18 C69, C119, C120, CAP CER 1uF 100V X7S 0805 Murata Electronics | GRM21BC72A105KEO1L
C122, C123, C128,
C129, C130, C131
C2, C9, C10, C11,
C12, C32, C33, C36,
C37, C38, C40, C42, .
20 C43, C44. C45. CT5, CAP CER 10uF 100V X7S 1210 Murata Electronics | GRM32EC72A106KEO5L
C124, C125, C132,
C133
C7, C8, C34, C35,
8 C46, C47, C83, C84 CAP TANT POLY 15uF 63V 2917 KEMET T521X156M063ATE035
1 Cc17 CAP CER 0.33uF 100V X7S 0805 TDK Corporation | C2012X7S2A334K125AB
1 C18 CAP CER 10uF 6.3V X7S 0603 TDK Corporation | C1608X7S0J106M080AC
3 C19, C49, C50 CAP CER 0.068uF 100V X7R 0805 YAGEO CC0805KKX7R0BB683
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Technologies

Reference . Manufacturer
Qty Designator Description Manufacturer Part Number
C22, C23, C26, C27, .
8 | o8 29 C30, Ca1 | COMMERCIAL GRADE GENERAL PURPOSE | TDK Corporation | C2012X5R1H106K125AC
2 C39, C41 CAP CER 10pF 75V X7R 1210 TDK Corporation | CGA6P1X7R1N106M250AC
5 | ©48 C% 1%;4' C126, | CAP CER 4.7uF 10V X7T 0603 Murata Electronics | GRM188D71A475ME11D
C52, C53, C54, C55,
9 | C73,C85,C87,C136, | CAP CER 0.33uF 16V X7R 0603 YAGEO CCO0B03KRX7R7BB334
c137
C56, C62, C63, C64,
9 | C65,C66, C68, C134, | CAP CER 0.1uF 16V X7R 0603 Taiyo Yuden EMK107B7104KA-T
C135
1 C59 CAP CER 2.2uF 100V X7R 1210 TDK Corporation | C3225X7R2A225M230AB
1 C60 CAP CER 10pF 16V X8R 1210 TDK Corporation | C3225X8R1C106K250AB
1 c61 CAP CER 1000PF 16V X7R 0603 KEMET C0603C102K4RACT867
1 c67 CAP CER 1pF 16V X5R 0603 Taiyo Yuden EMK107BJ105KA-T
2 C70, C71 CAP CER 0.022uF 16V X7R 0603 YAGEO CCO0603JRX7R7BB223
1 c78 CAP CER 10000PF 16V X7R 0603 KEMET C0603C103K4RACT867
2 C81, C82 CAP CER 0.1pF 100V X7R 0603 KYOCERAAVX | 06031C104KAT2A
2 D1, D2 TVS DIODE 53VWM 85VC DO214AA Bourns Inc. P6SMB62A
Vishay General
1 D4 DIODE ARRAY SCHOTTKY 40V SOT23 Semiconductor - | BAS40-04-E3-08
Diodes Division
3 D5, D6, D7 40V, 100MA, SOD-923, SCHOTTKY BA Rohm RB530CM-40T2R
Semiconductor
Vishay General
3 D8, D9, D10 DIODE SCHOTTKY 60V 1A DO219AB Semiconductor - | SS1FN6-M3/H
Diodes Division
5 | JP1JP2,JP5,JP10, | o o\N HEADER VERT 2POS 2.54mm Amphenol ICC 69190-202HLF
JP11 (FC)
5 | JP3,JP6, JPT,JP8, | ~n\N HEADER VERT 3POS 2.54mm Amphenol ICC 68000-103HLF
JP9 (FC)
2 J1a, J2a CONN BIND POST KNURLED RED Cinch Connectivity | 44 705 001
Solutions Johnson
Cinch Connectivity
2 J1b, J2b CONN BIND POST KNURLED BLACK . 111-0703-001
Solutions Johnson
1 J3 CONN RCPT USB2.0 MINI B 5P R/A Molex 548190519
2 Ja, J5 CONN RCPT TYPE C 24POS SMD RA CUI Devices UJC-HP-3-SMT-TR
2 LED1, LED3 LED GREEN CLEAR 1206 SMD Dialight 5973311407NF
1 L1 FIXED IND 470NH 17.5A 4.2MQ SM Vishay Dale IHLP2525CZERR47MO1
3 L2b, L2D, L2C FIXED IND 2.2uH 13A 3.7MQ SMD Wiirth Elektronik | 74439358022
1 L2a FIXED IND 1uH 18A 3.3MQ SMD Bourns Inc. SRP1038A-1ROM
1 L3 FIXED IND 47uH 800MA 351MQ SMD Wiirth Elektronik | 74408943470
Infineon
4 Q1,Q2, Q3, Q4 MOSFET N-CH 60V 17A/86A TSDSON ISZ0702NLSATMA1

R16UZ0113EU0100 Rev.1.00
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Reference . Manufacturer
Qty Designator Description Manufacturer Part Number
4 | Q6a, Q7a Q8a, Q9 | MOSFET N-CH 80V 25A/130A POWER56 onsemi FDMS86350
4 | Qéb,Q7b,Q8b, Q% | MOSFET N-CH 80V 14A/68A POWER33 onsemi FDMC86340ET80
Diodes
2 Q8, Q9 MOSFET N-CH 30V 4A SOT23 DMG3402L-7
Incorporated
2 RS1a, RS2a RES 10MQ 1% 3/4W 0805 Ohmite MCS1320R010FER
1 RS1b 1W 0.010Q 0.5% 1206 Ohmite PCS1206DR0O100ET
1 RS2b RES 5MQ 1% 1.5W 1206 KOA Speer TLR2BPDTD5LO0F75
Electronics, Inc.
2 R2, R45 RES 4.02Q 1% 1/10W 0603 YAGEO RCO603FR-074R02L
R3, R6, R10, R11,
R12, R15, R16, R17,
R18, R25, R26, R28,
R34, R35, R46, R47,
R48, R49, R51, R53,
37 R55, R112, R113, | RES 0Q JUMPER 1/10W 0603 YAGEO RCO0603FR-070RL
R115, R116, R121,
R122, R123, R124,
R125, R126, R127,
R128, R129, R130,
R131, R132
4 | R7,R50,R108, R111 | RES SMD 2Q 1% 1/3W 0603 Vishay Dale CRCWO06032R00FKEAHP
3 R19, R20, R23 RES SMD 105kQ 0.1% 1/10W 0603 YAGEO RTO603BRE07105KL
4 | R21,R22,R36,R38 | RES 10kQ 1% 1/8W 0603 Stackpole RNCPO603FTD10KO
Electronics Inc
2 R24, R29 CHIP RESISTOR THIN FLIM HIGH PRE YAGEO RT0603FRE1320KL
1 R30 RES 5.62kQ 1% 1/10W 0603 YAGEO RCO603FR-075K62L
4 | R31,R32,R33, R117 | RES 1kQ 5% 1/5W 0603 YAGEO RCO603JR-7W1KL
2 R39, R41 RES 220Q 5% 1/10W 0603 YAGEO RC0603JR-07220RL
1 R43 RES 6.49kQ 1% 1/10W 0603 YAGEO RCO603FR-076K49L
1 R44 CHIP RESISTOR THIN FLIM HIGH PRE YAGEO RTO603FRE132K2L
1 R114 RES 2.15kQ 1% 1/10W 0603 YAGEO RCO603FR-072K15L
SH1, SH2, SH3, SH4, KOA Soeer
9 | SH5, SH6, SH7, SH8, | RES 0Q JUMPER 1206 pe TLRZ2BTTD
Electronics, Inc.
SH9
1 SW2a SWITCH TOGGLE SPDT 0.4VA 20V caK GT11MSCBE
2 TP1, TP61 PC TEST POINT MULTIPURPOSE RED Keystone 5010
Electronics
2 TP2, TP62 PC TEST POINT MULTIPURPOSE BLACK Keystone 5011
Electronics
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Inc.

Reference L. Manufacturer
Qty Designator Description Manufacturer Part Number
TP3, TP4, TP5, TP7,
TP8, TP9, TP10, TP11,
TP12, TP13, TP14,
TP15, TP16, TP17,
TP18, TP19, TP20,
TP21, TP22, TP23,
TP24, TP25, TP26,
TP27, TP28, TP29,
TP30, TP31, TP32,
TP33, TP34, TP35, Keystone
65 TP37, TP38, TP39, PC TEST POINT MINIATURE WHITE Electronics 5002
TP40, TP41, TP43,
TP44, TP45, TP46,
TPA47, TP48, TP49,
TP50, TP51, TP52,
TP53, TP54, TP55,
TP58, TP59, TP60,
TP63, TP64, TP65,
TP70, TP71, TP72,
TP73, TP74, TP82,
TP83, TP85, TP86
TP56, TP57, TP77, Keystone
7 TP78, TP79, TP80, TERM TURRET SINGLE L = 7.65mm TIN ) 1598-2
Electronics
TP81
1 TP84 Test Connectors Tektronix 131-5031-00
Renesas
1 uUs IC 3-Level Buck VR w. PTM Electronics RAA489300
America Inc
Renesas
1 U9 IC REG LINEAR POS ADJ 1A 10DFN Electronics ISL80101IRAJZ
America Inc
Renesas
1 u10 IC REG BUCK ADJ 500MA TSOT23-6 Electronics RAA2116054GP3#JA0
America Inc
1 un DIODE SCHOTTKY 100V 1A SOD123HE onsemi S110FP
1 u12 IC MCU 8BIT 16KB FLASH 32LQFP Silicon Labs C8051F320-GQR
1 u13 IC OPAMP GP 2 CIRCUIT 8SO0IC Analog Devices | \parsonR7
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Board Layout
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Figure 25. Layer 4 Figure 26. Layer 5

Figure 27. Layer 6 Figure 28. Silk Bottom Layer
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5. Ordering Information

Part Number

Description

RTKA489300DE0000BU

RAA489300 Evaluation Board

6. Revision History

Revision Date Description
1.00 Nov 4, 2024 Initial release.
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IMPORTANT NOTICE AND DISCLAIMER

RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (‘RENESAS”) PROVIDES TECHNICAL
SPECIFICATIONS AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING
REFERENCE DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND
OTHER RESOURCES “AS IS” AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, OR NON-INFRINGEMENT OF THIRD-PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for developers who are designing with Renesas products. You are solely responsible for (1)
selecting the appropriate products for your application, (2) designing, validating, and testing your application, and (3)
ensuring your application meets applicable standards, and any other safety, security, or other requirements. These
resources are subject to change without notice. Renesas grants you permission to use these resources only to develop an
application that uses Renesas products. Other reproduction or use of these resources is strictly prohibited. No license is
granted to any other Renesas intellectual property or to any third-party intellectual property. Renesas disclaims
responsibility for, and you will fully indemnify Renesas and its representatives against, any claims, damages, costs, losses,
or liabilities arising from your use of these resources. Renesas' products are provided only subject to Renesas' Terms and
Conditions of Sale or other applicable terms agreed to in writing. No use of any Renesas resources expands or otherwise
alters any applicable warranties or warranty disclaimers for these products.

(Disclaimer Rev.1.01 Jan 2024)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most
Koto-ku, Tokyo 135-0061, Japan up-to-date version of a document, or your nearest sales
www.renesas.com office, please visit www.renesas.com/contact-us/.
Trademarks

Renesas and the Renesas logo are trademarks of Renesas
Electronics Corporation. All trademarks and registered
trademarks are the property of their respective owners.

© 2024 Renesas Electronics Corporation. All rights reserved.
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